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Section I—Air and Fallout 


FISSION 


PRODUCT BETA ACTIVITY IN 


AIRBORNE PARTICULATES AND PRECIPITATION 


Continuous surveillance of gross beta activ- 
ity in air and precipitation provides one of the 
‘earliest and most sensitive indications of 
changes in environmental fission product activ- 
ity. Although this surveillance does not provide 
enough information to assess human radiation 
exposure from fallout, it is widely used as the 
basis of alerting systems for determining when 
to intensify monitoring in other phases of the 
environment. 

Surveillance data from a number of national 
programs are published monthly and summa- 
rized periodically to show current and long- 
range trends of atmospheric radioactivity in 
the Western Hemisphere. Data provided by 
programs of the Public Health Service, the 
Canadian Department of National Health and 
Welfare, the Mexican Commission of Nuclear 
Energy, and the Pan American Health Organi- 
zation are presented individually in tabular 
form and are also shown by beta concentration 
isograms in figure 6. 


1. Radiation Surveillance Network, March 1964 


Division of Radiological Health, 
Public Health Service 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Surveillance Network (RSN) of the PHS Divi- 
sion of Radiological Health, which gathers sam- 
ples from 74 stations distributed throughout 
the country (figure 1). Most of the stations are 
operated by State health department personnel. 

The alerting function of the Network is pro- 
vided by field estimates of the gross beta activ- 
ity of airborne particulates on the filters. These 
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determinations are performed about 5 hours 
after the end of the sampling period to elimi- 
nate interference from  naturally-occurring 
radon daughters. The Network station opera- 
tors regularly report their field estimates to the 
Radiation Surveillance Center, Division of 
Radiological Health, Washington, D. C. When 
unusually high air levels are reported, appro- 
priate Federal and State officials are notified. 
These field estimates are reported elsewhere on 
a monthly basis (17). 


Air 


Airborne particulates are collected continu- 
ously on a carbon-loaded cellulose dust filter 4 
inches in diameter. A volume of about 1800 
cubic meters of air is drawn through the filter 
during the 24-hour sampling period by a high 
volume centrifugal blower. 

The filters are forwarded to the Radiation 
Surveillance Network laboratory in Rockville, 
Maryland, and the gross beta activity is meas- 
ured, using a thin-window, gas-flow propor- 
tional counter, calibrated with a 38,700-pc 
Sr*’-Y"" Standard.' Each filter is counted at 
least 3 days after the end of the sampling pe- 
riod and again 7 days later. The initial 3-day 
aging of the sample eliminates 
from naturally-occurring 
daughters. 


interference 
radon and _ thoron 
By using the two counts and the 
Way-Wigner formula (2), the age of fission 


'The Sr*’-Y*" source currently used as a standard 
was used from April 1962 to August 1963 as 40,000 pe 
total activity. Beginning with September 1963 data, 
the nominal activity of the standard was adjusted for 
decay (about 2% percent per year) to 38,700 pe. 
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FIGURE 1.—RADIATION SURVEILLANCE NETWORK SAMPLING STATIONS, MARCH 1964 


products is estimated* and the activity extra- 
polated to the time of collection.’ The daily con- 
centrations and estimated age are reported by 
the PHS in a monthly RSN report (17). 

The Network’s highest activity during March 
was observed on the Las Vegas, Nevada, March 
14 sample, (473 pc’ m', with an estimated age of 
one day). The twenty samples with the highest 
activities during March are listed in table 1, 
which gives the gross beta concentration and 
estimated age for each. 

The March 1964 average gross beta concen- 
tration in air for each station is given in table 
2. The Network average for March (1.60 
pe/m’) was approximately 50 percent higher 
than the February average (1.09 pe/m*). About 
half of this increase may be attributed to the 
five samples shown in table 1 with ages less 
than 100 days, which are evidently associated 
with the reported venting at the Nevada Test 


If a sample contains a mixture of fresh and old 
fission products, the age estimated by the Way-Wigner 
formula is some intermediate value and cannot be used 
for estimating date of formation. 

The Way- Wigner formula is: AT!--=C, where A is 
the activity, T is the time (in any time unit) after 
fission product formation, and C is a constant equal 
to the activity at T=1. 
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Site, March 13, 1964. The remaining part of 
the increase appears to be associated with the 
expected rise of old fission products during the 
spring months. 

Time profiles of gross beta activity in air for 
eight RSN stations are shown in figure 2 

TaBLE 1.—GROSS BETA ACTIVITY AND AGE OF 

THE TWENTY INDIVIDUAL RSN AIR FILTERS 

HAVING HIGHEST ACTIVITIES DURING 
MARCH 1964 


Date Concen- \ge 
Station March tration days 
pe /m 

Calif I (Angeles 17 $.08 4 
18 >. 80 100 

Fla Jacksonville 11 +. 30 > 100 
$1 +.01 100 

Miami 2 ».21 > 100 

Nev Las Vegas 14 173 l 
15 $.43 10 

16 16.0 , 

18 +. 62 100 

19 +.44 7Y 

21 1.16 > 100 

27 81 > 100 

Ore Portland 3l >. 86 > 100 
P. R San Juan 6 4.10 > 100 
R. I Providence 17 1.06 > 100 
Tex \ustin l 5.07 > 100 
13 $.24 > 100 

20 $.25 > 100 

El Paso 22 4.27 >100 

26 4.69 100 
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TaBLe 2.—GROSS BETA ACTIVITY IN SURFACE AIR ANID PRECIPITATION, MARCH 1964 
\ 
Stat I a I ! ntra Lot 
Numbe Tt 
sam s n /i/ ) 
Na \I 
i 
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=k \dak s ) 1 » 40 " 
\nchorage -t n p47 u ‘ M 
\tt Jt 4 ) } ) Ty 
lairbanks ] t \ " . 
Junea 7 ~ " x WM 
Kodiak 4 ) ) Hu (> " 
Nome 17 14 S f | 1 
Point Barrow Island l f ) | 0.67 " 
St. Paul Island l 0) ) l 4 
Phoenix 0 ; 7 ”) ~ " 
“ . Little Rock 45 7 0) SS 0) ~ " 18 7 
{ Berkeley py. 24 )17 1 . le (K 
Los Angeles 22 1.08 Dobe 8 it { y 
nal Zone \ncon 16 62 10 0.7 \ 164 
Denver 24u s i. 7 \ " (M 
mt Hartford 1 - .OY 7 7 () at 1 1 (WK 
7 Dover 1Y a E 0.77 ( a 
» ¢ Washington 51 2] 0.29 6 \pr wh4 > sy 
Jacksonvill 26 1.30 0.69 2.03 Oct 19 100 
AY | imi 0) a | oO 6 » 10 | } whi rm ” 
(Atlanta ] 00 1 oo oo wd 62 . 
ruam \gana $1 > B5 { + ~) \ wid 
Hawa Honolulu l 2.00 0.1 (). 87 el 64 “uy 
laho Boise 0 » 97 ».4 ow ) IF 
Springfield 3! “) ) \I 4 7 
nd Indianapolis l ; 7 4 
l i lowa City 25 > 46 ; ny Wh4 10 
Kans Topeka -5 h ) iS 4 TT iv 
\ Frankfort 2+ > 4 0.40 s kel h4 j TT “nM 
4 New Orleans , 7s it Nila 4 { ii) 
laine \ugusta 2.7 , , ¥ . ~~ 
Presque Isle 27 O4 0.27 8 N rT 
M Baltimore 20 7 N 1 M 
Rockville ’ fe. 0.U4 7 \I 4 
\lass Lawrence 30 ri s } \ " 7 " 
Wincheste 4 2.87 ). 27 f \ 4 RR ) 
NI Lansing 3 rd ) 7S | 4 ‘ ig 7 
Minn Minneapolis 1 } 0.50 17 \I w4 RM 
\liss Jackson 24 74 () ri ; \ 54 { ve 
Pascagoula 0 it 
Mo Jefferson City l i4 ’ " M 
Mont Helena l 2 0.29 ). ut N " y 
Nebr Lincoln 14 7 i O.1 "y \ 4 
Ne Las Vegas 27 17 8 g 7 ry 
N.H (oncord 22 ) 28 4 | 4 
N.«d lrenton l 62 39 \ 164 x 
N. Mex Santa k« an 7 O4 j " 
N. ¥ Albany 2é ) ).44 OY J 164 M 
Buffalo 2Y be} 0 1.29 \ Y; 
New York 27 2.14 0.45 6 1) " 
N. ¢ Gastonia (0 j x 7 la " 
N. Dak Bismarck 0 rai ). 68 ‘ " WW 
Olin C incinna 21 it t \ 1 ue 
Columbus 0 ) ) \ ; 4 ; | ) 
Painesville 1 0) 0.64 4 2) 146 ) M 
Okla Oklahoma 27 fi 18 j \ " ") 
Ponca Cit ) y. ). 24 > 00 O " . M 
Ore Portland «I SO U j Oct i ( ) 
Pa Harrisburg 238 oe 28 ) 86 J wh4 ‘ " 
Yr. San Juan 2 $.10 ).48 7 \1 4 s Y 
R. | Provideng 8 +. OF ) Se } 164 ) » 70% 
=. ( Columbia 48) 2 69 ) { 1), y . , 
S. Dak Pic ‘ 258 be! 17 Ou ~ Y, ry 
Penn Nashvill 18 t ). of 7 i WM 
Dex \ustin An 07 0.74 z. ) \ " " 
El Paso 3 1.64 ). 68 (" lar wh4 ‘ ) 
{ at “ait I int ( t 2Y ; is t } \ Al rth 
Vt Barre 0 ; ) 4 - " \ 
Va Ri mond ) >. 10 ) 7 ~ ) 
Was! Seattle 3 1.52 0 ) 50 “ y 
W. Va Charleston 1 ».O4 ) 62 ik " 1 » OO 
W ise Madison 50) 2.56 yf 64 ~ " { 12 (KM 
Wyo Cheyenne 29 03 68 { \ ry 
Netwo k sur ma 1.947 17 ty 
* The monthly average ~ aleulated by veighting thie ndividual sa ny I ;& \ 
for averaging purposes If the <0.10 values represent more than 10 1 ent of 
rhe minimum concentration reported for a single sample is 200 
Profile scheduled for August 1964 
Dash ind ites no ¢ iporated sample rees ed 
July 1964 303 







































































“| T | me i 4 
» 3 ANCHORAGE , JEFFERSON CITY ] 
iy ALASKA “he MISSOURI ; 
ed | F - 4 
s X44 5 4 
‘ » | y = 5 | 
‘ | + a : 
g9 4] } 3] ] 
: | | ¢ ul. 1 
Z :4 | ] 5 4 | 4 
< | } 7 —- 4 } 4 

4 “~ aN + + = + 
~— —— = ' ema. | T = games emi | ee 

ad | 7 , 
. 4 ATLANTA : ALBANY 
* GEORGIA : :* NEW YORK 
z 2 o 
3 "?< 3 . : 
4 -_ 

0-4 < 10 t 
eS { ej | 
a. | $0.54 ] 
ae #213 pti} 

b a I sdacdaslieshashonlaaliNsnlesbeiipalastoadalipusesesbach actdatat Dutctelaepebitatie Load 

oo + a ———e oo —- 3 os — A a | = | _een 

| an } 
. | INDIANAPOLIS , HARRISBURG 1 
_* INDIANA “he PENNSYLVANIA 4 
ot { ie 1 
; | { z 
y 7» 4 } y » 
2 6 4 

a + 

sy : 3 | 
| t ‘ | : 4 be « 1 
$0.2] | -mas- | 

} -t 1 by 4 

oT T os — 2 _— T 7 epeenes ae 

q 4 4 

- ;} 4 } 
2 4 TOPEKA ] 2 a SEATTLE : 
“ther KANSAS ; “hes WASHINGTON q 
° { 4 - - 4 
| : 4 
y 24 J y »~ J 
ie . 
< , ." 
Re | 1 S$ i4 prvsvsseeceecece { ] 
Fo | | i ie rs 1 

5B ae . $ 4 0.1 I ; $ $ 
| | } | ssh 4 PE er oe, Fee eee Pe 
LEGENT REPORTED NUCLEAR DETONATIONS 
Ls 
» i a or bs = : 
i = bul ~ i 
. & dhe é 
| | , im | ma FE 
FIGURE 2.—MONTHLY AND YEARLY PROFILES OF BETA ACTIVITY IN AIR 
RADIATION SURVEILLANCE NETWORK, 1958-MARCH 1964 
304 


Radiological Health Data 











sew eee eva eS ewes ee a ee 


7 











Precipitation 


Continuous sampling for total precipitation 
is conducted at most stations on a daily basis, 
using funnels with collection areas of 0.4 square 
meter. A 500-ml aliquot of the collected pre- 
cipitation is evaporated to dryness, and the 
residue is forwarded to the laboratory for 
analysis. If the collected sample is between 200 
and 500 ml, the entire sample is evaporated. 
When a sample is smaller than 200 ml (equiva- 
lent to 0.5 mm or 0.02 inches of rainfall), the 
volume of precipitation is reported, but no 
analysis is made. 


In the laboratory the gross beta activity in 
precipitation is determined by counting the 
evaporated sample by the same method used for 
analyzing the air filters, including the extra- 
polation of time of collection. Deposition for 
the sample is determined by: 


CP 


D= 
1000 


where D is the deposition in nce/m*, C is the 
concentration in pe/liter, and P is the depth of 
precipitation in mm. The individual values of 
deposition and depth of precipitation are totaled 
for the month, and the average concentration 
for the month, C, is determined by: 


- 2. 
C= yp X 1000 


The March 1964 average concentrations and 
total depositions are given in table 2. 


2. National Air Sampling Network 
First Quarter 1964 


Division of Air Pollution, 
Public Health Service 


The necessity of having basic data on the 
nature and extent of air pollution throughout 
the United States led to the organization of the 
National Air Sampling Network (NASN) in 
1953. The NASN analyzes air samples for the 
total quantity of suspended particulate matter, 
benzene-soluble organic matter, and gross beta 
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radioactivity. Selected samples are also ana- 
lyzed for nitrates, sulfates, and a number of 
metals. These analyses aid in the detection of 
trends in levels of pollution with respect to 
time, location, population density, climate, and 
other factors associated with air quality. 


Gross Beta Activity in Air 


NASN stations (see figure 3) are manned by 
cooperating Federal, State, and local agencies. 
The current basic network consists of 110 sam- 
pling stations which operate every year in 73 
large cities and 37 nonurban areas. In addition, 
there are stations in 130 cities which operate 
every other year. Thus, there are 240 sampling 
stations in all in the NASN network, of which 
175 are active in any given year. 


Continuous 24-hour samples of suspended 
particulate matter are taken at each station. 
The samples, representing approximately 2,000 
cubic meters of air, are collected on glass fiber 
filters on a biweekly random sampling schedule. 
They are then sent for analysis to the Network 
laboratory at the Robert A. Taft Sanitary En- 
gineering Center in Cincinnati, Ohio. First 
quarter 1964 data appear in table 3. 


Gross Beta Activity in Precipitation 


The present reporting of gross beta activity 
in precipitation originated in 1959 when a pre- 
cipitation collection and analysis program was 
established by the Weather Bureau Research 
Station in Cincinnati, Ohio, and the National 
Air Sampling Network. Monthly composite 
samples of precipitation are collected at 29 sta- 
tions, which are located at Weather Bureau 
offices or airports. They are then forwarded to 
the Network laboratory for analysis. 


The laboratory analyzes these samples for 
total solids and for a large number of metals 
and nonmetals. In addition, each sample is 
analyzed for fission product gross beta radio- 
activity if a sufficient volume of precipitation 
remains after chemical analyses have been 
made. Precipitation data for the first quarter 
1964 are presented in table 4. 
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TABLE 3.—FISS 


Kans 


Minn 


Miss 
Nlo 


Mont 


‘ 
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Birmingham 
Cradsden 
Mobile 
Anchorage 
Grand Cany« 
Mari Opa Co 
Phoenix 

Pix son 
Little Rock 
Montgomery 
lexarkana 
Bakersfield 
Burbank 


Humboldt Co." 


Los Angeles 
Monterey 
Oakland 
Pasadena 
sacramento 
San Diego 
San Francise: 
Santa Ana 
Santa Barbar 


* Denver 


Montezuma ( 
Hartford 
New Have n 
Kent Co." 
Wilmington 
Washington 


Florida Keys * 


Jacksonville 
Orlando 
Tampa 


\tlanta 
Honolulu 
Bouse 
sutte Co." 
( hicago 
Cicero 
Moline 
Peoria 


tock Island 
Kast Chicago 
Evansville 
Fort Wayne 
(rary 
Indianapolis 
Lafayette 
Parke Co." 
Davenport 
Delaware Co 
Des Moines 


Dubuque 
Kansas City 
Wichita 


Ashland 
ovington 
Louisville 
Newport 
Baton Rouge 
Lake Charles 
New Orleans 
\cadia Nat'l 
Portland 
Saltimore 
Calvert Co. 
Boston 
Springheld 
Detroit 

W vandotte 
Duluth 
Minneapolis 
Moorhead 
St. Paul 
Jackson 


Kansas City 


Shannon Co. 


St. Louis 
Glacier Nat'l 
Helena 


Nonurban stations 





ION PRODUCT GROSS BETA ACTIVITY IN SURFACE AIR, NASN, FIRST QUARTER, 1964 


[Concentrations in pe/m 


Number Max Mini Number Max Mini 
on of mum mum Average Station location of mum mum \verag 
samples samples 

7 2.4 0.8 1.8 Nebr Omaha 7 4.1 1.4 Pe 

7 3 0.6 1.6 Thomas Co.* 6 s.4 0.6 2.0 

7 ;.8 0 2.3 Ney Las Vegas 6 3.8 1.6 2.5 

6 1.9 0.5 1.1 White Pine Co." 6 $.0 0.5 2.0 

yn Pk 6 ,.7 1.4 2.4 N.H Concord 5 2.9 0.6 1.7 
7 5 ee! $.7 Coos Co." 7 2 5 0.3 1.4 

7 1.7 2.0 $.0 N. J Camden 7 .0 0.7 | 

6 2.7 0.6 1.9 Clinton 5 2.3 0.8 | 

7 2.4 0.8 1.5 Marlton ) 2.6 1.7 2.2 

( i 2.9 0.9 2.0 Newark 7 2.6 0.9 1.7 
) 2.9 0.8 1.7 New Brunswick 6 2.6 0.8 1.9 

7 2.8 1.0 cue Princeton ; 2.3 1.8 ee 

6 3.7 1.8 2.4 Trenton 6 2.1 0.8 1.5 

y $.0 0.2 1.1 Glassboro 5 yr 1.5 1.9 

6 3.8 0.7 7a N. M Albuquerque 7 1.0 1.5 2.6 

7 5.6 Fe 1.8 Rio Arriba Co.* 7 +.¥ 0.9 2.8 

6 2.6 0.7 1.6 N. } Cape Vincent * 7 2.6 0.5 1.5 

6 3.2 1.5 2.0 New York 7 , 0.3 1.4 

7 3.5 0.8 1.6 N.C Cape Hatteras 7 3.0 1.4 2.3 

6 3.5 1.8 2.4 Charlotte 6 ee 0.9 1.6 

) 7 3.3 0.5 1.6 Fayetteville a) 2.8 1.0 1.Y 
6 $.2 F 1.9 Winston-Salem 7 $.0 0.6 1.8 

i 7 1.0 0.6 aoe N. Dak Bismarck 7 2a 0.6 1.3 
7 5.3 1.1 aun argo 6 1.8 0.6 1.3 

‘o." 7 1.9 1.6 2.8 Ward Co.* 5 4.1 0.6 F_ 
6 2.5 0.6 1.5 Ohio Akron 6 2.6 1.0 1.6 

6 2.6 0.9 1.5 Cincinnati 7 3.4 0.9 2.1 

5 2.5 0.5 1.3 Cleveland 7 2.3 0.7 1.4 

7 2.7 0.6 1.4 Columbus 7 2.6 cae 1.8 

) 2.6 1.2 1.9 Dayton 7 2.8 1.1 Bi 

) 3.7 0.6 2.2 Lorain 6 2.3 1.1 1.8 

7 3.3 0.2 Soa Stuebenville > 2.7 ® 2.1 

, $+. 1 1.6 2.8 Toledo 7 2.3 0.5 1.6 

6 » 1.2 2.7 Youngstown 7 2.4 1.1 1.8 

7 3.3 0.6 1.8 || Okla Cherokee Co.4 6 3.6 0.6 1.6 

6  & 0.2 1.2 Oklahoma City 7 3.6 1.4 2.3 

7 s. 1 0.5 1.5 lulsa 7 2.8 0.6 BR; 

7 0.6 1.5 || Ore Portland 6 2.0 0.2 0.9 

y 2.4 1.0 1.7 Pa Clarion Co.* 5 2.2 | 1.5 1.8 

6 2.9 0.Y 1.6 Lancaster } 6 1.3 1.9 

) 3.4 1.0 ws Philadelphia 7 a 1.0 1.8 

6 1.9 1.0 1.4 Pittsburgh 7 2.9 <8 1.9 

6 5.8 0.9 2.0 rm Guayanilla 7 3.3 0.8 1.Y 

> 1.9 0.9 1.3 Pones 7 3.2 0.7 1.8 

) $6 0.7 1.9 San Juan 6 2 0.7 1.¥ 

6 2.5 0.6 PB R. I Providence 5 2.5 0.6 1.6 

6 ‘=e 0.9 1.9 Washington Co." 6 2.9 1.0 1.8 

6 Bel 1.1 1.6 s. ¢ Columbia 7 2.6 1.0 1.6 

" 7.3 0.8 1.6 tichland Co.* 7 2.9 1.0 1.6 

7 i 0.7 1.4 S. Dak Black Hills 6 3.9 c.% Pr: 

} 1.9 1.4 | Sioux Falls * 6 2.9 0.8 1.3 

. 5) 1.6 0.4 1.1 Tenn Chattanooga 7 ,.0 0.6 1.5 
6 $6 0.8 2 Memphis 5 2.9 1.0 2.0 

7 2.8 ‘oa 1.6 Nashville 7 3.5 0.3 Bie 

7 Lo 0.7 1.6 | Tex Aransas Co.* 7 3.7 1.4 2.0 

6 $8 0.Y _ Dallas 7 ,.0 0.5 1.4 

6 +. 6 1.0 1.Y El Paso 7 8.3 coe 1.4 

y 2.7 1.1 1.Y Houston 5 1.9 0.Y 1.4 

y 2.3 cas Ba: San Antonio 6 ® O.38 2.0 

t 3.4 1.2 2.1 lexarkana 5 3.8 0.8 1.9 

7 1.0 0.7 1.8 Waco 7 3.9 1.0 2.1 

7 2 9 0.8 1.4 Utal Ogden 7 2.5 1.1 1.¥ 

7 4.2 0.8 2.0 Salt Lake City 7 2.6 a 2.0 

Pk." 6 3.9 0.9 2.4 Vt Surlington 6 2.6 0.5 1.5 
6 PX 0.8 Pi Orange Co.* 7 2.9 0.4 1.4 

5 7.3 0.6 1.4 Va Danville 6 BO 0.6 2.0 

7 be 0.8 1.8 Norfolk 7 $3.2 1.4 Pe 

6 +.4 1.4 2.4 Shenandoah Pk." 7 $2 0.8 1.8 

7 2.8 wie 1.8 Wash Seattle 7 ioe 0.3 0.7 

7 1.9 0.5 1.3 lacoma 6 1.9 0.3 0.9 

) 1.8 om 1.4 W. Va Charleston 7 2.6 0.7 1.8 

6 2.0 0.9 1.4 Huntington 6 2.6 0.9 2.0 

7 1.¥ 0.4 . 2 Parkersburg 7 2 5 0.¥ 1.7 

6 2.0 0.38 1.4 Wis Door Co 6 2.4 1.0 1.6 

7 2.6 0.5 1.6 Eau Claire * 6 2.0 0.9 1.3 

7 $.2 0.4 1.7 Milwaukee 7 3.5 0.7 1.6 

7 1.2 0.7 3.3 Racine 7 ae 0.8 1.4 

7 7. 1.5 2.3 Superior 5 1.6 1.0 1.4 

7 2.7 0.5 1.3 Wvo Chevenne 6 41.0 O.8 Sun 

Pk 7 1.8 0.5 0.9 Yellowstone Pk.* 7 2.4 0.6 1.3 

7 1.7 0.8 1.3 

Network summary 1,025 5.7 0.2 1.78 
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GROSS BETA ACTIVITY IN 


TABLE 4 
Station 

\la Montgomery 
Cali Santa Maria 
Fla Tampa 
Ii] ( hicago O'Hare 
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N. ¥ Albany 
N.C Hatteras 
Ohio Cinecinnat Airport 
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FIGURE 3.—NATIONAL AIR SAMPLING NETWORK SAMPLING STATIONS, 1964 
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3. Canadian Air Monitoring Program,’ 


March 1964 


Department of National Health and Welfare, 
Ottawa, Canada 


As part of its Radioactive Fallout Study 
Program, the Radiation Protection Division of 
the Canadian Department of National Health 
and Welfare monitors air and precipitation. 
Twenty-four collection stations are located at 
airports (see figure 4), where the sampling 
equipment is operated by personnel from the 
Meteorological Services Branch of the Depart- 
ment of Transport. Detailed discussions of the 
sampling procedures, methods of analysis, and 
interpretation of results of the radioactive fall- 
out program are contained in previous reports 
of the Department (3-7). 


Air 


Each air sample involves the collection of 
particulates from about 650 cubic meters of air 
drawn through a high-efficiency 4-inch-diame- 
ter filter during a 24-hour period. These filters 
are sent daily to the Radiation Protection Divi- 
sion Laboratory in Ottawa. At the laboratory, 
a 2-inch-diameter disk is cut from each filter 
and counted with a thin-end-window, gas flow 


‘Data from Radiation Protection Programs 4:11-24, 
Radiation Protection Division, Canadian Department 
of National Health and Welfare (April 1964). 


Geiger-Mueller counter system, calibrated with 
a Sr’’-Y°’ standard. Four successive measure- 
ments are made on each filter to permit correc- 
tion for natural activities and for the decay of 
short-lived fission products. The results are 
extrapolated to the end of the sampling period. 
Canadian air data for March 1964 are given in 
table 5 and presented in conjunction with U. S. 
and Mexican data by an isogram map (figure 6). 


TaBLE 5.—GROSS BETA ACTIVITY 
IN AIR, CANADA, MARCH 1964 


{Average concentrations in pe/m*] 
Station Number Maximum | Minimum Average 
of samples 
Calgary 27 3.6 0.2 1.4 
Coral Harbour 31 2.6 0.5 com 
Edmonton 31 2.5 0.4 bom 
Ft. Churchill 29 2.0 0.2 ee 
Ft. William $l 2.0 1.0 # | 
Fredericton 31 2.1 0.1 1.2 
Goose Bay 31 2.0 0.3 oo 
Halifax 24 3.1 0.5 1.6 
Inuvik 30 2.8 0.9 1.6 
Montreal 31 2.5 0.6 1.7 
Moosonee 29 y 0.9 1.5 
Ottawa 2u 2.a 0.6 1.5 
Quebec 31 PY 0.5 1.4 
Regina 30 2.8 0.5 ? 
Resolute 31 2.4 0.2 1.0 
St. John's, Nfld 30 3.0 0.1 can 
Saskatoon 31 $1 0.6 1.6 
Sault Ste. Marie 31 2.9 0.6 By 
loronto 0 0.6 0.1 0.4 
Vancouver 31 1.8 0.1 0.7 
Whitehorse 31 $+.¥ 0.1 1.6 
Windsor 31 Fe 0.4 1.5 
Winnipeg 31 2.3 0.7 1.5 
Yellowknife 30 7.3 0.9 1.4 
Network summary 722 3.9 0.1 1.3 
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Precipitation 


The amount of radioactive fallout deposited 
yn the ground is determined from measure- 
ments on material collected in special polyethy- 
lene-lined rainfall pots. The collection period 
for each sample is one month. After transfer 
of the water to the sample container, the poly- 
ethylene liner is removed, packed with the 
sample, and sent to the laboratory. 

Strontium and cesium carriers are added to 


“all samples on arrival at the laboratory. Other 


carriers are also added to selected samples ac- 
cording to the specific radionuclides to be deter- 
mined. The samples are then filtered and 
the filtrate evaporated to near dryness. The 
filter paper containing insoluble matter is ig- 
nited together with the polyethylene liner at 
450° C. The ash is combined with the soluble 
fraction, transferred to a glass planchet, evapo- 
rated under an infra-red lamp and then counted 
with a thin-end-window Geiger-Mueller counter 
calibrated with a Sr*’-Y’ source. Gross beta 
activities for March 1964 samples are given 
in table 6. Radionuclide analyses appear 
quarterly. 


4. Mexican Air Monitoring Program 
March 1964 


National Commission of Nuclear Energy 


As part of its Radiological Protection Pro- 
gram (RPP), the Comision Nacional de Energia 
Nuclear (CNEN) established the Radiation 
Surveillance Network of Mexico to provide a 
means for determining increased levels of 
radioactivity in air and precipitation. 

The network has been gradually expanded to 
17 stations (see figure 5). Twelve of the 17 
stations are located at airports and operated 
by airline personnel. The remaining five sta- 
tions are located at Mexico City, Mérida, Vera- 
cruz, San Luis Potosi and Ensenada; Staff 
Members of the RPP operate the station at 
Mexico City while the other four stations are 
manned by members of the Centro de Prevision 
del Golfo de México, the Chemistry Department 
of the University of Mérida, the Instituto de 
Zonas Desérticas of the University of San Luis 
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TaBLeE 6.—GROSS BETA ACTIVITY 
IN PRECIPITATION, CANADA, MARCH 1964 


Calgary 4 Ss. 1 
Coral Harbour 2.4 
Edmontor TO &.0 


ht. Willi 60 { 
brederi ) 3 7 
(;o0se | 1 8 
Halifa Ce 
Inu 82 ) 
Nlontreal 144 oO 8 
Mooso1 Ho x 4 
Ottawa 77 ’ 
Quebec 71 11 
Regina S t 
Resolute 11 l 
St. John Nfid SY 12.0 
Saskatoon is 

Sault Ste. Mari 17 8.8 
I nt 16) i] 
Vancouver 788 76 
Whitehorse 1&5 , 
Windsor 722 8. 
Winnipeg 91 0.6 
Yellowknife 777 Py 
Average iSS 21 


Potosi, and the Escuela Superior de Ciencias 
Marinas of the University of Baja California, 
respectively. 


Sampling 


The sampling procedure involves drawing air 
for 24 hours a day, 3 or 4 days a week, at the 
rate of approximately 1,200 cubic meters per 
day, through a high-efficiency glass fiber filter, 
6” x 8”, using high volume samplers. After 
each 24-hour period, the filter is removed and 
forwarded via air mail to the “Laboratorio de 
Estudios Sobre Contaminacion Radiactiva’”’, 
CNEN, in Mexico City for assay of gross beta 
activity. A minimum of 3 or 4 days after col- 
lection is allowed for decay of radon and thoron 
daughters’ natural radioactivity. Data are not 
extrapolated to time of collection. 


The maximum, minimum and average fission 
product beta concentrations in surface air dur- 
ing March 1964 are presented in table 7. 
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FicurRE 5.—FALLOUT NETWORK SAMPLING STATIONS IN MEXICO 


Tanie 7..-GROSS BETA ACTIVITY OF AIRBORNE 
PARTICULATES, MEXICO, MARCH 1964 


>. Pan American Air Sampling Program 
March 1964 


Pan American Health Organization and 
Public Health Service 


Gross beta activity in air is monitored by 
three countries in South America under the 
auspices of a collaborative program developed 
by the Pan American Health Organization and 
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the Public Health Service (PHS) for assisting 
countries of the Americas in developing radio- 
logical health programs. The sampling equip- 
ment and analytical services are provided by 
the Division of Radiological Health, PHS, and 
are identical with those employed for the 
Radiation Surveillance Network. 

The three air sampling stations included in 
the program are operated by the technical staff 
of the Ministry of Health in each country. The 
station in Santiago, Chile is operated by the 
Occupational Health Service; in Lima, Peru by 
the Institute of Occupational Health; and in 
Caracas, Venezuela by the Venezuelan Institute 
for Scientific Investigations. The Caracas sta- 
tion began operation in November 1962 and the 
other two stations were started the following 
month. 

The March 1964 air monitoring results from 
the three participating countries are given in 
table 8. The Caracas station is shown on the 
gross beta concentration isogram map (figure 
6) and its March average, 1.0 pe/m® (after 
adjustment by the RSN intercalibration fac- 
tor’) was used in estimating the position of the 
1.0 pe’ m* isogram. 


The RSN factor is 1.28. 
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TaBLE 8.—GROSS BETA ACTIVITY IN 
AIR, MARCH 1964 


Concentrations in pe/m*® 


Sampling stations No. of Maxi n Minimum A " 
samples 
aracas, Venezuela 23 1.30 <0.10 0.78 
ima, Peru 0 
santiago, Chile 16 0.16 <0.10 <0.10 
The monthly average is « 


alculated by weighting the individ 
vith length of sampling period Values of <0.10 are assumed 
r averaging purposes. If the <0.10 values represent more thar 


lal Sample 


reent of the average, a less-than sign is placed in front of the ave 


6. Gross Beta Activity in Air, North America, 
March 1964 


Beginning with January 1963 data, monthly 
average concentrations of airborne gross beta 
activity in Canada and the United States have 
been presented in combined form as isogram 


maps of most of North America.” The data 
from the Radiation Surveillance Network and 
the Canadian Air Network were adjusted to 
each other by means of an intercalibration fac- 
tor derived by Lockhart and Patterson (8). 
With the formation of the Mexican Air moni- 
toring program, new intercalibration ratios 
were determined, this time including the Cana- 
dian Network, Radiation Surveillance Network, 
National Air Sampling Network, the HASL 
80th Meridian Network, and the Mexican Net- 
work (9). The new intercalibration factors in- 
clude some changes in standardization in both 
the RSN and the Canadian Air Network, effec- 
tive September 1963. The intercalibration fac- 
‘ The January 1963 through February 1964 isogram 


maps were published in the May 1963 through June 
1964 issues of Radiological Health Data. 
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FicurRE 6.—ISOGRAMS OF AVERAGE GROSS BETA CONCENTRATIONS IN AIR 
THROUGHOUT NORTH AMERICA, MARCH 1964 
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tors are, therefore, not the same as were previ- 
ously used. 

Figure 6 shows the March 1964 activity in 
air throughout North America based on the 
data from the Canadian Air Monitoring Pro- 
gram, the Radiation Surveillance Network and 
Mexican Air Monitoring program. An inter- 


calibration factor of 1.28 was applied to the- 


RSN data and the Mexican data were multi- 
plied by 0.81 in order to adjust them to Cana- 
dian data. 
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FISSION PRODUCT GAMMA ACTIVITY IN AIR— 
SOTH MERIDIAN NETWORK, JANUARY AND FEBRUARY 1964 


Health and Safety Laboratory’ 
Atomic Energy Commission 


Fourteen air sampling stations near the 80th 
Meridian (West) from Thule, Greenland, to 


‘Punta Arenas, Chile, make up the Health and 


Safety Laboratory 
Network (figure 1). 


(HASL) 80th Meridian 
An additional station at 
Mauna Loa, Hawaii, is included for comparing 
data with that from Chacaltaya, Bolivia; both 
are at a high elevation and their respective 
latitudes North and South are nearly equal. 

Air particulates are sampled on 8-inch-diame- 
ter polystyrene (Microsorban) filters, drawing 
air through the filters, continuously at a rate of 
about 1400 cubic meters per day. Filters are 
changed on the Ist, 8th, 15th, and 22nd of each 
month and forwarded to HASL for analysis. 
A total gamma count is made approximately two 
weeks after the end of the sampling period 
using an 8 x 4-inch sodium iodide (thallium 
activated) crystal. 


'This report was developed from information and 
data in the March 1963, January 1964, and February 
1964 monthly reports of: W. R. Collins, Jr., 80th 
Meridian Network, Results of Air Sampling Measure- 
ments, Health and Safety Laboratory, U.S. Atomic 
Energy Commission, New York, N.Y. 10014. 
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FIGURE 1.—80TH MERIDIAN NETWORK 


SAMPLING STATIONS 
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The results of total gamma activity deter- 
minations in weekly ground level air filter sam- 
ples taken at 80th Meridian stations during 
January and February 1964 are listed in tables 
1 and 2, together with average monthly activity 
concentrations calculated for each site. The 
average monthly activities are also plotted in 


sites were 


averages 


figure 2 as an activity—latitude profile. 





and Febru: 
in the Southern 
0.055 and 0.051 »/min/m*. 
about one- 


The monthly averages for all of the northern 


0.77 and 0.85 y/min/m‘ for January 
iry, respectively. The corresponding 
Hemisphere were 
These averages are 
tenth of the averages for January 


and February 1963. 


TaBLeE 1.—GAMMA ACTIVITY IN SURFACE AIR, PaspLeE 2.—GAMMA ACTIVITY IN SURFACE AIR 
SOTH MERIDIAN NETWORK, JANUARY 1964 SOTH MERIDIAN NETWORK, FEBRUARY 1964 
{Activity in gamma photons/min/m Act 
January sampling periods I 
Station Januar station | 
latitude, elevation average atitude 
1-7 8-14 15-21 22-31 7 8-14 

Thule, Greenland Thule, Greenland 

77° N, 259 m 0.948 1.00 0.845 0.986 0.948 77° N, 259 m ( YT] 7 & r4 
Moosonee, Canada Mooson ( i 

51° N, 10m 0.871 0.689 0.657 0.704 0.728 51° N, 10 m 0 628 0.854 & 7 ( ( 
New York New York, N. ¥ 

41° N, 38 m 0.580 0.430 0.421 0.485 41° N, 38 m 0 0 710 
Washington, D. © Washington, 1). ¢ 

39° N, 82 m R 0.722 0.481 0.769 0.865 0.728 §9° N, 82 m 0.88 0.88 RH ie 
Miami, Fla Miami, Fla 

26° N, 4m 1.35 0.713 1.36 2.04 1.42 26° N, 4m v l } ( 
Mauna Loa, Hawaii Mauna Loa, Hawa 

19° N, 3394 m 0.416 0.931 0.809 1.08 0.838 19° N, 3394 m ) OS ® 
san Juan, P R san Juan P. R 

18° N, 10 m 0.312 0.140 0.275 1.82 0.736 IS N, 10 n 0.614 0.002 
Miraflores, Canal Zone Miraflores, Car Zot 

9° N, 10m 0.310 0.305 0.344 0.477 0.371 g° N. 10 m ( 4 { 0 r4 
Guayaquil, Ecuador Guayaqu Or 

0°-08’ S, 7 m 0.0405 0.0384 0.0437 0.0600 0.0457 0°08’ S. 7 0.084 ) ous g 
Lima, Peru Lima, Per 

12° S, 30 m 0.0757 0.0923 0.0814 0.101 0.0876 12° S. 301 0 O65 ( ut . 
Chacaltaya, Bolivia Chacaltava, Bol 

17° S, 5220 m 0.0341 0.0183 0.0472 0.0280 0.0315 17° S, 5220 0.0042 
\ntofagasta, Chile \ntofagasta, Cl 

24° 8,519 m 0.0643 0.0545 0.141 0.0807 0.0848 24° SS, 519 n 046 0.07 
Santiago, Chiles Santiago, C} 

33° S, 5m 0.0498 0.0817 0.0950 0.0564 0.0693 3° SS. 5m 58 0.0649 s 
Puerto Montt, Chile Puerto Montt, ¢ 

41° S, 5m 0.0473 0.0460 0.0580 0.0279 0.0448 11° S.5m 0.0380 0.0448 8 18 
Punta Arenas, Chile Punta Arenas, Cl} 

53° S, 3m 0.0110 0.0255 0.0364 0.0211 0.0235 532° S Qn 0.0147 0 09R { 
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FIGURE 2.—PROFILE OF SURFACE AIR G 


JANUARY AND FEBRUARY 
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AMMA ACTIVITY, 
1964 























Section II—Milk and Food 


MILK SURVEILLANCE 


Although milk is only one of the many 
sources of dietary intake of radionuclides, it is 
the single food item most often used as an indi- 
cator of the population’s intake of radionuclides 
from the environment. This is because fresh 
milk is consumed by a large segment of the 
United States population and contains most of 
the radionuclides occurring in the environment 
which have been identified as being biologically 
important. In addition, milk is produced and 
consumed on a regular basis, is convenient to 
handle, is easily analyzed, and samples which 
are representative of milk consumption in any 
area can be readily obtained. 


1. Pasteurized Milk Network, March 1964 


Division of Radiological Health and 
Division of Environmental Engineering and 
Food Protection, Public Health Service 


The Public Health Service pasteurized milk 
radionuclide surveillance program had its origin 
in a raw milk monitoring network (1) estab- 
lished by the Service in 1957. One of the pri- 
mary objectives of this network was the devel- 
opment of methods for milk collection and 
radiochemical analysis suitable for larger scale 
programs. 

Experience derived from this earlier network 
led to the activation of a pasteurized milk sam- 
pling program with stations selected to provide 
nationwide surveillance of milk production and 
consumption areas. The present network, which 
consists of 63 stations, has at least one station 
in every State, the Canal Zone, and Puerto Rico. 
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Through the cooperation of State and local 
milk sanitation authorities, samples are rou- 
tinely collected at each of these stations. Com- 
posites of the samples are preserved with for- 
maldehyde and are sent to the PHS South- 
western (SWRHL), Southeastern (SERHL), 
or Northeastern Radiological Health Labora- 
tories (NERHL) for analysis. Gamma analy- 
ses for iodine-131 are made within 3 to 6 days 
after sample collection, and any results exceed- 
ing 100 pc’ liter are immediately telephoned to 
State health officials for possible public health 
action. Analytical results are normally avail- 
able 6 to 7 weeks after collection; publication in 
RHD follows 3 to 4 
collection. 


months after sample 


Sampling and Compositing Proce dures 


The method specifies that each station’s sam- 
ple be composited of subsamples from each milk 
processing plant in proportion to the plant’s 
average sales in the community served. At most 
stations the composited sample represents from 
80 to 100 percent of the milk processed. Prior 
to September 15, 1961, the composite sample 
was taken from one day’s sales per month and 
was as representative of the community’s sup- 
ply as could be achieved under practical condi- 
tions. Beginning with the resumption of nu- 
clear weapons testing in the atmosphere in 
September 1961, and continuing through Janu- 
ary 1963, samples were collected twice a week 
at nearly all stations and daily for short periods 
at selected stations. Since then, the sampling 
frequency has been reduced to once a week. 








Analytical Errors 


lodine-131, cesium—137, and barium-—140 con- 
centrations are determined by gamma scintilla- 
tion After gamma _ scanning, 
samples from two consecutive weeks are com- 
posited and analyzed radiochemically for stron- 
tium—89 and strontium—90. 
ent statistical 


spectroscopy. 


There is an inher- 
with all 
radionuclide concentrations. 
With the low radionuclide levels which are usu- 
ally found in milk other environmental 
samples, this variation on a percentage basis is 
relatively high. The is dependent 
upon such factors as the method of chemical 
analysis, the sample counting rate and counting 
time, interferences from other 
and the background count. 


variation associated 


measurements of 
and 


variation 


radionuclides, 
For milk samples, 
counting times of 50 minutes for gamma spec- 
troscopy and 30 to 50 minutes for low back- 
Table 1 
shows the approximate total analytical error 
(including counting error) associated with 
radionuclide concentrations in milk. These 
errors were determined by comparing results 
of a large number of analyses. The 2 stand- 
(2s) about the measured con- 
centration correspond to a 95 percent centainty 
that the true concentration is within this range. 
The minimum detectable concentration is de- 
fined as the measured concentration at which 
the two-standard-deviation analytical error is 
equal to the measurement. 


ground beta determinations are used. 


ard deviations 


Accordingly, the 
minimum detectable concentrations in units of 


pe/liter are Sr**, 5; Sr, 2; Cs"**, 10; Ba***, 10; 
and I''', 10. At these levels and below, the 


counting error comprises nearly all of the 


analytical error. 


TABLE | ANALYTICAL ERRORS ASSOCIATED 
WITH ESTIMATED CONCENTRATIONS FOR 
SELECTED RADIONUCLIDES IN| MILK 

I ite I ited Er 
N ntra I ntrat perce 
I ( ”) 10 100 ite 10 
i] 10) ) 10 LOO greate 10 


Southeastern 
ploys a 
analysis. 


Radiological Health Laboratory em- 
radiochemical procedure for barium-140 
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Calcium analyses at SERHL are done by an 
ion exchange and permanganate titration 
method while at NERHL and SWRHL an ethy- 
lenediaminetetraacetic acid (EDTA) method is 
used. Stable potassium concentrations are esti- 
mated from the potassium—40 concentrations’ 
determined from the gamma spectrum. 


Data Presentation 


Table 2 presents summaries of the analyses 
for March 1964 (March 1-28, 1964). Although 
not shown in table 2, the iodine-131 and 
barium—140 monthly average concentrations in 
milk were less than 10 pe/liter. When a radio- 
nuclide is reported by a laboratory as being be- 
low the minimum detectable concentration, one- 
half the minimum detectable value is used as 
the best approximation in calculating the 
monthly average. Beginning with October 1963 
data, however, zero is used as the best approxi- 
mation to a nondetectable concentration of 
iodine—131 or barium—140. A similar procedure 
is used for the network average. 

Figures 1 and 2 are isogram maps showing 
the estimated strontium—-90 and cesium—137 
concentrations in milk over the entire country. 
The value printed beside each station is the 
monthly average concentration for that station. 
The isograms were developed by arbitrary in- 
terpolation between values for the individual 
stations. Additional modifications to the iso- 
grams are made according to available infor- 
mation on milksheds. 

In order to develop the distribution of the 
network’s stations versus radionuclide concen- 
trations in milk, table 3 has been prepared using 
monthly averages shown in table 2. 

Continuing the practice followed in previous 
issues of RHD, the average monthly strontium-— 
90 concentrations in pasteurized milk from 16 
selected cities in the sampling program are pre- 
sented in figure 3. Each graph shows the stron- 
tium—90 concentrations in milk from one city in 
each of the four U. S. Bureau of Census re- 
gions. This method of selection permits graphic 
presentation of data for each city in the net- 
work three times a year. The last column in 
table 2 shows the most recent issue in which a 
graph of the strontium—90 concentration was 
given for each station. 


The conversion factor is 1.18 x 10 


g K/pe K*". 
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Taste 3.— DISTRIBUTION OF SAMPLING STATIONS IN VARIOUS RANGES OF 
RADIONUCLIDE CONCENTRATIONS IN MILK, MARCH 1964 


Strontium-89 Strontium-90 lodine-131 Cesium-137 Barium-140 
| N t Ra Number Range Numbe Range Number Rang N he 
" i f stations | f statior i of stations pe/li f st 
li 
is <1-9 2 10 63 <5-45 2 10 t 
7 10-14 ’ 50-95 11 
10 15-19 Ss 100-145 22 
lo l 20-24 17 150-195 20 
20 l 25-29 13 200-245 6 
20 0 30-34 6 250-295 2 
0 l 35-39 
10-69 i 
Pota t Total 6 rotal 63 rotal 63 rota f 
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FIGURE 3.—STRONTIU M-90 


IN PASTEURIZED MILK, 1961-MARCH 1964 


Monthly network maximum, minimum, and 


average radionuclide levels in milk summarized 


in table 4 are helpful in showing the variability 


of results about the average and trends 


of the 


U. S. milk data since March 1960. When stron- 
tium-—89 concentrations have been deteccable, 


the ratio of the network maximum to t 


July 1964 


he net- 


work average has ranged from 2.5 to 12.0 but 
was less than 4.0 a majority of the time. For 
iodine-131 the ratio of maximum to average 
concentration has been somewhat higher, rang- 
ing from 2.4 to 16.5. The strontium—90 maxi- 
mum to average ratio has exceeded 3.0 only three 


times since March 1960. Furthermore, the ratio 
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has dropped below 1.9 only infrequently. Of 
the four nuclides for which determinations are 
being made, the monthly maximum strontium 

90 concentrations have generally not varied 
from the network average by as large a factor 
as the other nuclides. Before 1962, the ratio of 
network maximum to 


average cesium-137 
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monthly average concentrations ranged from 
2.0 to 17.0. In 1962 this ratio ranged to 7.2 and 
more recently in 1963 and 1964 has not ex- 
This decrease may be explained by 
the generally rising levels throughout the net- 
work since 1962. 


ceeded 2.5. 
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2. Indiana Milk Network, March 1964 


Bureau of Environmental Sanitation 
Indiana State Board of Health 


The Indiana State Board of Health began 
sampling pasteurized milk for radiological 
analysis in September 1961. Indiana was geo- 
graphically divided into five major milksheds, 
and one large dairy within each milkshed was 
selected as a sampling station (figure 4). 








INDIANA MILK SAMPLING 
LOCATIONS 


FIGURE 4. 





The milk samples are routinely analyzed for 
iodine-131, cesium—137, barium—140, _ stron- 
tium—89 and strontium—90. Until August 1963, 
analyses for the gamma emitters iodine—-131, 
cesium-—137 and barium—140 were conducted on 
a weekly basis, except when iodine-131 ex- 
ceeded 100 pc/liter, at which times the fre- 
quency of sampling was increased. Because of 
continued low concentrations of the short-lived 
gamma emitters, the sampling frequency was 
reduced in August 1963 to once per month for 
the northeast, southeast and southwest milk- 
sheds. Strontium—89 and strontium—90 analyses 
are performed monthly for each station. 

An ion exchange analytical procedure (2) is 
employed for strontium-89 and strontium—90 
analyses. Minimum detectable levels for stron- 
tium-89 and strontium—90 are about 5 and 1 
pe/liter, respectively. A 512-channel pulse 
height analyzer and shielded 4 x 4-inch sodium 
iodide crystal are used for the gamma analysis 
of iodine-131, cesium-137, and barium-140. 
The lower limit of detectability for both iodine— 
131 and barium-140 is 5 pe/liter. Cesium-137 
analyses are subject to a 6 percent error at the 
100 pe/liter level. 


July 1964 


The monthly averages of the data obtained 
for the individual sampling stations and the 
State averages are reported in table 5. The 
State average is an arithmetic average of the 
station values. 


TaBLE 5.—RADIONUCLIDES IN INDIANA 
MILK, MARCH 1964 


Northeast 1.20 1240 19 1] 
Southeast l ") ] | 20 LO 
Central 1.18 1300 21 110 


Southwest 1.17 1290 27 110 


3. New York Milk Network, January 1964 


Division of Environmental Health Services, 
State of Ne Th York Depart me nt of Health 


Milk samples collected routinely from six 
cities—Albany, Buffalo, Massena, Newburgh, 
New York City, and Syracuse (figure 5)—are 
analyzed for their radionuclide content by the 
New York State Deportment of Health. Pas- 
teurized milk samples are collected daily and 
composited weekly for the determination of 
strontium-—89, strontium—90, iodine—-131, ce- 
sium—137 and barium-lanthanum-140 at all 


re* 
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SYRACUSE 
tat 


BUFFALO 


FIGURE 5.—NEW YORK MILK SAMPLING 
LOCATIONS 





stations except Massena, where samples are 
composited bi-weekly, and at New York City 
where one daily milk sample representing the 
total milk supply for that day is obtained and 
analyzed once a week. Samples are obtained 


from processing plants except at Albany, where 
the daily sample is obtained from a marketing 
point. During periods when cows are no longer 
on stored feed, the sample from Albany is ana- 
lyzed daily for iodine-131. In the event that 
any city reports iodine-131 concentrations ex- 
ceeding 100 pc liter, increased surveillance is 
undertaken. 


A matrix method (3) is used for the analysis 
of spectral data to determine the concentrations 
of gamma-emitting nuclides in milk. With this 
method, the individual nuclide contributions to 
the gamma spectrum are separated by solution 
of simultaneous equations describing the spec- 
tral interferences. 


The analytical procedure for strontium—8&9 
and strontium—90 is based on ion exchange 
methods. Cations (including radiostrontium) 
are eluted from the ion exchange resin with 
sodium chloride solution, strontium isotopes 
are gathered by means of sodium carbonate, 
isolated by means of ethylenediaminetetra- 
acetic acid (EDTA), and radiostrontium is 
counted with a low background beta counter 
having an 0.8 mg/cm* window. The strontium— 
90 portion is differentially estimated by a sec- 
ond count 40 hours later to determine the rate 
of ingrowth of its daughter product yttrium- 
90. The monthly average radionuclide concen- 
trations in milk are shown in table 6. 


Pane 6.—RADIONUCLIDES IN NEW YORK 
MILK, JANUARY 1964 


Average neentrations in px 

I ‘ s I SY Stror im-YO (es n-137 
\lban ) 20 125 
Buffalo ( 13 LOY 
\lassena t 28 204 
Newburg 7 23 131 
Ni York ( t P l 
~ ‘ t 1u 12 
Average 6 21 138 





4. Pennsylvania Milk Network, 
December 1963—March 1964 


Bureau of Environmental Health, 
Pennsylvania Department of Health 

Samples of pasteurized milk are routinely 
collected from 10 major milk consumption areas 
throughout Pennsylvania (figure 6). Two sam- 
ples per week are collected in Philadelphia and 
Pittsburgh, while weekly composite samples 
are collected from the other eight stations. At 
each sampling location subsamples are collected 
from the major dairies supplying the area and 
are composited in proportion to the amount of 
milk processed by each dairy. This composite 
sample is then sent to the Radiation Laboratory 
of the Division of Occupational Health in Har- 
risburg, where the weekly samples are com- 
bined for monthly analyses. Iodine—131 analy- 
ses were carried out from September 1962 
through February 1963, when concentrations 
fell to non-detectable levels. Since April 1963, 
samples have been analyzed for strontium—90. 
The gamma analyses of these samples for po- 
tassium—40, iodine-131, cesium—137, and _ ba- 
rium—140-lanthanum-140 were begun in March 
1964. 





FIGURE 6.—PENNSYLVANIA MILK SAMPLING 
STATIONS AND MILK CONSUMPTION AREAS 


The chemical separation technique for stron- 
tium—90 is essentially an ion exchange method 
described by Porter, et al. (2). One liter of milk 
is passed through an ion exchange column; 
yttrium-90 is eluted from the resin and is 
counted in an automatic low background pro- 
portional counter. 

Samples of whole milk amounting to 3.5 liters 
are analyzed for gamma emitters with a 4-inch 
sodium iodide crystal, which is contained in a 
large steel shield. A multichannel analyzer re- 
cords the spectra, and the radionuclide content 
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the matrix 


is quantitatively determined by 
method. 

The monthly average strontium—90 levels in 
pasteurized milk are shown in table 7 and the 
monthly average results for gamma emitters 
are shown in table 8. 


TABLE 7.—STRONTIUM-90 IN PENNSYLVANIA 
MILK, DECEMBER 1963-MARCH 1964 


[Concentrations in pe /liter 
Sampling location December January February Mare! 
\ltoona 14 21 20 23 
Jauphin 16 18 15 27 
erie 18 13 21 24 
Kingston 16 10 22 23 
Lancaster 18 15 18 21 
Philadelphia 17 20 16 25 
Pittsburgh 17 16 25 20 
Reading 16 Ld 16 1Y 
Williamsport 17 15 16 20 
York 18 12 1¢ 19 
State averag 16.7 l ) 18 22 .€ 
TaBLeE 8.—GAMMA EMITTING RADIONUCLIDES 
IN PENNSYLVANIA MILK, MARCH 1964 
{¢ oncentrations in px liter 
Sampling location Cesium-137 | ass n-40 
\ltoona 160 1,334 
Dauphin 111 1,445 
Erie 133 1. 582 
Kingston 178 1,773 
Lancaster 138 1,46 
Philadelphia 124 1,501 
Pittsburgh 123 1,633 
Reading 121 1,542 
Williamsport 137 ay 
or 145 1,624 
State average 137 1,563 
‘The monthly average | and Ba La at uC sta n is 0 


1M liter 


5. Radiostrontium in Milk, 
October—December 1963 


Health and Safety Laboratory, 

U.S. Atomic Energy Commission 
The Health and Safety Laboratory began 
monitoring liquid whole milk in New York City 
in 1954 for strontium—90 in order to estimate 
the dietary contribution from the ingestion of 
radiostrontium in milk. Subsequently, pow- 
dered milk monitoring was initiated at Perry, 
New York, in 1954 and at Mandan, North 
Dakota in 1955. Liquid whole milk monitoring 


was started in Honolulu, Hawaii, in August 
1959. 





Data summarized from Health and Safety Labora- 
tory, AEC, Fallout Program Quarterly Summary 
Report, HASL-144: 175-83, Office of Technical Serv- 
ices, Department of Commerce, Washington, D. C. 
20230 (April 1, 1964), price $4.00. 
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The New York City sample is a monthly com- 
posite of pasteurized milk purchased daily in 
quart containers at retail 
dairies are represented in 


stores. Five large 
The 
Honolulu samples are monthly composites of 
quart samples of pasteurized milk collected 
weekly. Samples from two dairies are analyzed 
and the results are averaged. The Mandan and 
Perry samples are monthly composites of pow- 
dered milk collected in 5-pound lots from plants 
in each city. The Mandan sample is powdered 
buttermilk used in cattle feeds. Because of its 
protein and fat content, this buttermilk powder 
is used primarily as a milk replacer or 
supplement The Perry sample is 
powdered whole milk used for human consump- 
tion. The source of the Honolulu milk is from 
the island of Oahu where the cows are on pas- 
ture throughout the year, and it is of interest 
to know how closely the strontium levels in milk 
in this area reflect changes in deposition rates. 


the sample. 


feed 
for calves. 


The calcium and strontium—90 data are pre- 
sented in table 9. The fluctuations of strontium 
90 with time are shown in figures 7 and 8. 


TABLE 9.—STRONTIUM-90 AND CALCIUM IN 
MILK, OCTOBER-DECEMBER 1963 


VU 
New York ¢ 
Third Qua j 
()betober \% ¢ 
Noveml ou 4 ; 
Decemt s ( 0) 
Honol Ha i 
r} 1 Qua ~ 
th t t 
Ni ~ 
Le *] 
is 
Per Ne 
Phird Qua 
Let el s 
No nt ; 
1) 
lt Bu 
Mandan, N« Jak 
Tr} i Quart ~ 
thet ao he 
No ! s 
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Comment 

A marked increase in the strontium—90 con- 
tent of milk from the continental U. S. stations 
was observed beginning in May 1963, due to the 
heavy spring fallout deposition. It is apparent 
from figures 7 and 8 that the peak strontium 
90 concentrations were reached in the summer. 


323 








The Honolulu milk samples still contain less 
strontium—90 per liter than those of other sam- 
pling stations, although there was also a slight 
increase in strontium—90 concentrations in the 
Honolulu samples in May. 
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FIGURE 8.—STRONTIUM-90 IN POWDERED MILK 
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6. Canadian Milk Network,’ March 1964 
Radiation Protection Division 
Department of National Health and Welfare, 
Ottawa, Canada 


The Radiation Protection Division of the De- 
partment of National Health and Welfare be- 
gan monitoring milk for strontium—90 in No- 
vember 1955. At first, analyses were carried 
out on samples of powdered milk obtained from 
processing plants. However, since January 
1963, liquid whole milk has been analyzed in- 
stead. With this change, more representative 
samples of milk consumed can be obtained, and 
in addition it is possible to choose milk sam- 
pling locations (see figure 9) in the same areas 
as the air and precipitation stations. At pres- 
ent, the analyses include determinations of 
iodine-131, strontium-89, cesium—-137 and 
strontium—90 as well as stable potassium and 
calcium. 

The milk samples are obtained through the 
cooperation of the Marketing Division of the 
Canadian Department of Agriculture. At each 
station samples are collected three times a week 
from selected dairies, combined into weekly 
composites, and forwarded to the radiochemical 
laboratory in Ottawa. The contribution of each 
dairy to the composite sample is directly pro- 
portional to its volume of sales. In most cases a 
complete sample represents over 80 percent of 
the milk processed and distributed in the area. 
Several of the weekly samples are randomly 
selected and analyzed for iodine-131. The re- 
sults of the spot checks for iodine-131 will not 
be reported unless there is evidence that the 
levels are rising. A monthly composite of the 
samples is analyzed for strontium—90, stron- 
tium—89, cesium—137, and stable potassium and 
calcium. 


Analytical Methods 


Radiochemical methods are used for the anal- 
ysis of iodine-131 (4). Carrier iodine is added 
and the milk is then evaporated in the presence 
of sodium hydroxide and ashed. The iodide ion 
is oxidized to free iodine and extracted with 
carbon tetrachloride, back-extracted in sulfite 





‘Data from Radiation Protection Programs, Vol. 
No. 4:25-30, Radiation Protection Division, Canadian 
Department of National Health and Welfare (April 
1964). 
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solution, and precipitated as silver iodide. The 
precipitate is counted in a low background beta 
counter and the iodine—131 determined by com- 
parison with standard preparations. 

For the analysis of radiostrontium, carrier 
strontium is added to a one-liter sample of 
milk; the milk is then placed in a tray lined 
with a polyethylene sheet, and evaporated under 
infra-red lamps. The residue is ashed in a 
muffle furnace at 450°C, dissolved in dilute ni- 
tric acid, and strontium separated by fuming 
nitric acid precipitation. The combined stron- 
tium-89 and strontium—90 are determined by 
counting in a low background beta counter. 
Strontium-—90 is determined separately by ex- 
tracting and counting the yttrium—90 daughter 
nuclide while strontium—89 is estimated by dif- 
ference from the total radiostrontium measure- 
ment. Appropriate corrections are made for 
self-absorption and counter efficiency at all 
stages. Calcium is determined by flame pho- 
tometry. 

Cesium-137 is determined by gamma spec- 
troscopy using a scintillation crystal and a 
multi-channel pulse height analyzer. A sample 
consisting of 4.5 liters of milk is placed in a 
sample tray constructed in the form of an in- 
verted well to accommodate the 5 x 4-inch 
sodium iodide crystal detector. The sample is 
counted for 100 minutes and the gamma spec- 
trum recorded. Estimates are made of the po- 
tassium—40 and cesium—137 content of the milk 
by comparison of the spectrum with standard 
preparations. The stable potassium content is 
estimated from the potassium—40 concentration. 


Sources of Error 


In the iodide and strontium determinations, 
tests indicate that the statistical error (95 per- 
cent confidence level) in the chemical opera- 
tions involved is about plus-or-minus 10 per- 
cent. This value is independent of the concen- 
tration of the radioisotope in the milk because 
it depends only on the recovery of the carrier. 
In the determination of cesium—137 this factor 
is not involved. 

The chemical procedures error must be com- 
bined with the counting error which depends 
primarily on the concentration of the nuclide 
in the sample, the background radiation, and 
the length of time the sample and background 
are counted. This counting error has been evalu- 
ated mathematically for the particular counting 
arrangement used. 

The overall errors, estimated on the basis in- 
dicated above, are given in table 10. 


Paste 10.—TOTAL ERROR FOR VARTOUS 
RADIONUCLIDE CONCENTRATIONS IN) MILK 


Results 


Table 11 presents monthly averages of stron- 
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tium—90, cesium—137, stable calcium, and potas- 
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sium in Canadian whole milk. Spot checks for 
strontium-—89 and iodine-131 indicate that all 
5 pe liter. Figure 10 shows the 
variation of the network average of the radio- 
nuclide concentration in Canadian whole milk. 
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MOVING ANNUAL AVERAGE RADIONUCLIDE CONCENTRATIONS IN 
PASTEURIZED MILK, APRIL 1963—MARCH 1964 


Division of Radiological Health, Public Health Service 


Radionuclide concentration values reported 
by the Pasteurized Milk Network (1) can be 
used to estimate the contribution of milk to a 
population’s radiation exposure. This is done 
by determining both the annual average con- 
centrations of specific radionuclides in milk and 
the average daily milk consumption of a repre- 
sentative individual in a suitable sample of the 
population. 

The data listed in table 1 are concerned with 
the first of these requirements, 7.e., annual aver- 
age concentrations of strontium-89, strontium- 
90, iodine-131 and cesium—137 in one liter of 
pasteurized milk. Limited data are available 
for estimating the average daily milk consump- 
tion (on a volume basis) for specific age groups 
in the U.S. population (2, 3). 

To arrive at a basis of comparison between 
the daily rates of intake of the radionuclides 
from the milk component of the diet and the 
Federal Radiation Council’s ranges of transient 
daily rates of intake (4), it is assumed that the 
average daily milk consumption of an individ- 
ual in a population group is one liter. The 
Guides, however, apply to total intake from all 
sources. The upper limits of Range II corre- 
spond to the Radiation Protection Guide (RPG) 
for iodine-131 and one third of the Radiation 
Protection Guide for radioactive strontium. 
The Guides are, for administrative reasons, ex- 
pressed as a yearly radiation dose, but are 
based on lifetime exposure (5). The FRC em- 
phasizes that the annual acceptable risk or ex- 
posure dose is not a dividing line between 
safety and danger in actual radiation situations 
(6). 

Annual averages of radionuclide concentra- 
tions in milk sampled by the PHS Pasteurized 
Milk Network are presented in table 1. The 
data in table 1 are calculated as follows: Results 
from all samples collected in each week (Sun- 
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day through Saturday) are averaged, and the 
averages for all weeks terminating in each of 
twelve consecutive months are averaged to ob- 
tain the annual average.- To obtain the annual 
average daily intake (pe day) of radionuclides 
from milk, the annual average concentration 
values (pc liter) in table 1 must be multiplied 
by the annual average daily consumption 
(liters day) of milk (3, 4). 

Monthly variations of radionuclide concen- 
trations in milk are influenced by a number of 
combined causes such as weather conditions 
and dairying practices. The moving yearly 
average (table 1), obtained by updating the 
previous twelve-month average by one month, 
shows variations averaged over the year and 
tends to minimize purely seasonal variations. 
This method, therefore, shows trends over a 
considerable period of time. 
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Beginning with the October 1963 data, iodine—-131 
values of <10 pc/liter are considered to be zero for 
averaging purposes; previously 5 pe, liter was used it 


calculating the average. 
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MOVING ANNUAL AVERAGE RADIONUCLIDE CONCENTRATIONS IN MILK 
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RADIONUCLIDES IN INSTITUTIONAL DIET SAMPLES, 
OCTOBER—DECEMBER 1963 


Division of Radiological Health, Public Health Service 


The determination of radionuclide concentra- 
tions in the diet constitutes an important ele- 
ment of an integrated program of environ- 
mental radiation surveillance and assessment. 
In recognition of the potential significance of 
the diet in contributing to total environmental 
radiation exposures, the Public Health Service 
initiated its Institutional Diet Sampling Pro- 
gram in 1961. This program is administered 
by the Division of Radiological Health with the 
assistance of the Division of Environmental 
Engineering and Food Protection (17). 

The program is designed to estimate the die- 
tary intake of radionuclides in a selected popu- 
lation group ranging from children to young 
adults of school age. Initially, the program con- 
sisted of sampling diets in eight institutions, 
but it has since been expanded to 21 boarding 
schools or institutions, geographically distrib- 
uted as shown in figure 1. Institutions selected 
range from financially well-to-do boarding 
schools to orphanages with severe economic 
limitations. Each institution (sampling point) 
except the one at Los Angeles is located in a 
community from which the PHS Pasteurized 
Milk Network collects samples. The analytical 
data from this program supplement the find- 
ings for the Institutional Diet Sampling 
Program. 


Sampling Procedure 


In general, the sampling procedure is the 
same at each institution. Each sample repre- 
sents the edible portion of the diet for a full 
7-day week (21 meals plus soft drinks, candy 
bars, or other in-between snacks) obtained by 
duplicating the meals of a different individual 
each day. Each institution supplies one com- 
plete 7-day, 21-meal diet sample each month. 
Each day’s sample is kept frozen during the 
collection period. After collection, the total 
sample is packed in dry ice and shipped by air 
express to either the Southwestern Radiological 
Health Laboratory, Las Vegas, Nevada, the 
Southeastern Radiological Health Laboratory, 
Montgomery, Alabama, or the Northeastern 
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FicurE 1.—INSTITUTIONAL DIET SAMPLING 
LOCATIONS 


Radiological Health Laboratory, Winchester, 
Massachusetts. 

Each sample is packaged in three parts: (1) 
solid food and semisolid foods minus those 
portions that would not ordinarily be eaten; 
(2) liquid milk; (3) other beverages such as 
soft drinks, coffee and tea. A record of the 
contents of each meal and the approximate 
amount of each item is made at the institutions 
and sent with the sample. 


Analytical Procedures 


Because calcium and phosphorus compounds 
may have an effect on the uptake of important 
bone-seeking radionuclides such as strontium-— 
89 and strontium—90 (2), they are included in 
the analytical program. Total weight, stable 
calcium, and stable potassium determinations 
are obtained by conventional gravimetric or 
spectrophotometric methods. Samples usually 
range from 6 to 16 liters in volume and weigh 
from 8 to 20 kilograms. Phosphate determina- 
tions are made by a colorimetric technique. 

The radioanalysis program is designed 
around three basic procedures: (1) gamma 
spectroscopy, (2) chemical separation of stron- 
tium-89 and strontium—90 with subsequent 
counting, and (3) radium-—226 analysis. In 
the absence of interferences other than that 
from naturally-occurring radioactive potassium 
(K**), minimum detectable concentrations for 


2 
329 


the 
iodine-131, 10 pe kg; cesium—137, 5 pe kg; and 
barium—140, 10 pe kg. 
concentrations 


gamma scan expressed as ky are: 


pe 


Approximate minimum 
for 


226 are: 5, 1 


89, 
l 
Since a constant weight of 


detectable strontium 


strontium—90, and radium and 
pe kg, respectively. 
food is analyzed, the minimum detectable level 
on a per day basis (pe day) will be dependent 


()? 


n the food intake. 
Data 


Table 1 presents the dietary intake data ex- 
pressed on a per-day basis from October 1963 
through December 1963 for the 21 institutions 
Also con- 
tained in the table is the range of ages of the 
children 


from which samples were received. 


from which samples are being ob- 





specified value. For data averaging, the method 
employed for presentation in table 1 is that all 
“less-than” data are assumed to be equal to the 
full 


column entitled “monthly maximum averages.” 
The column entitled 


“less-than”’ values as they appear in the 
“monthly minimum aver- 
ages” reflects the averages in which all “less- 
than” values are considered to be zero. 


The data are presented graphically in figure 
») 


2 as a distribution of all sample values observed 
during the three months versus daily intake. 
The number of reported during this 


quarter in each range is plotted as a frequency- 


values 


distribution step chart. The number of stations 
used in constructing these graphs was 21, 21, 
and 20 for the months of October, November, 


tained. The reported radionuclide concentra- and December 1963, respectively. Therefore, 
tions of these samples are extrapolated to the the total number of samples represented in 
midpoint of the sample collection period. each chart is 62. Figure 3 shows the overall 
Certain of the radioanalyses are reported by average daily intake of radionuclides at all 
the laboratories as being “less-than” (<) a institutions since January 1961. 
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Discussion of Data 


From table 1 it is apparent that the total in- 
take ranged between 1.18 and 2.76 kg/day with 
in average of about 1.9 kg/day during this 
juarter. The calcium intake ranged between 
.6 and 2.8 g day, with twenty-nine percent of 
the values being less than one g/day. Phos- 
phate intake ranged from 1.4 to 7.1 g/day, with 
55 percent of the values ranging from one to 
1 g day. Eighty-nine percent of the samples 
analyzed for potassium showed that the intake 
was between 1 and 4 g/day. 


All of the 44 samples analyzed for radium 
226 ranged between <1 and 5 pe/day with 36 
samples having less than 2 pe/day. Eighteen 
samples were analyzed for total radium (all 
radium isotopes) and a maximum value of 8.1 
pe/day was observed. 


Strontium-—89 intake ranged between <5 and 
145 pe day. Eighty-two percent of the samples 


BASED ON A 7-DAY COMPOSITE SAMPLI 
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gave values between <5 and 30 pce/day. For 
purposes of comparison the Federal Radiation 
Council (FRC) range II for strontium-89 is 
200 to 2000 pe day. 


The maximum strontium—90 intake during 
this quarter was 63 pe day. Again for compari- 
son, 29 percent of the values were below 20 
pe day. This is similar to last quarter’s results. 
The FRC range II for strontium—90 is 20 to 20( 
pe day (2). 


Although the intake of cesium-—137 ranged 
from 60 to 565 pe day, the distribution shows a 
pronounced peak between 120 and 160 pe day 
formed by 32 percent of the results. It appears 
that with respect to cesium—137 intake the sit- 
uation has been static during the last half of 


ee 
1963. 


Both barium—140 and iodine-131 were below 
the limits of detectability during this quarter. 
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FIGURE 2,—DISTRIBUTION OF THE NUMBER OF SAMPLES VERSUS INTAKE 
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OF MATERIALS IN INSTITUTIONAL DIETS FOR OCTOBER-DECEMBER 1 
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STRONTIUM-90 AND CALCIUM IN INFANT DIETS, 1963! 


Tose ph Rive ra- 


Since the rate of bone formation is high dur- 
ng the first year of life, it is particularly im- 
ortant to know the dietary intake of stron- 
ium—90 and calcium during this period so that 
reasonable estimates can be made of body bur- 
lens of strontium—90 in young children. The 
lietary estimates of strontium—90 intake are 
‘complicated since the foods eaten at this age 
are especially processed and may not have the 
same strontium—90 concentrations as the same 
type foods prepared for adult consumption. 

Originally published in Health and Safety Labora 
tory, AEC, Fallout Quarterly Summary Report, HASL 
144: 274-7, Office of Technical Services, U.S. Depart 
ment of Commerce, Washington, D.C. 20230 (April 1, 
1964), price $4.00. 

Mr. Rivera is a physicist on the staff of Environ 
mental Studies Division of the Health and Safety 
Laboratory, U.S. Atomic Energy Commission. 





TABLE | STRONTIUM-90 AND CALCIUM 
YEAR OF LIFE, OCTOBER 
\ 
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Ne York ‘ 1 /€ 
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Vegetal 
Ir s 
Mea > 
Formula Lks 7 
Eva i 1 milk 7 
Tota 
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Formula ks 7 
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fed, the diet 


during the first year of life consists chiefly of 


For infants who are not breast 


specially prepared formula milks, 
milk, and, starting at about 
specially prepared cereals, veg 


evaporated 
three months old, 
etables, fruits, 
and meats (1). 

For the last quarter of 1963, in addition to 
sampling the milk components of infant diets 
at the three cities, non-milk components were 
also analyzed. The 
table 1 together with estimates of the Sr” Ca 
ratio of the total 


year of life. 


results are presented in 


infant diet during the first 


From these data we calculate that about 85 
percent of the total Ca intake was from formula 


and evaporated milks. Assuming this relative 


fraction to be constant with time, the Sr” Ca 
IN INFANT DIETS DURING THEIR FII 
DECEMBER 1963 SAMPLING 
I35 











Parte 2. STRONTIUM-90 CONCENTRATIONS AND INTAKE OF INFANTS FROM MILK DURING 1963 


ratio of the total diet (T.D.) can be expressed 
as: 

T.D. 0.85 M 0.15 N.M. 
where M is the Sr”’ Ca ratio of the milk com- 
ponent of the diet and N.M. is the Sr 
of the non-milk component of the diet. Divid- 


Ca ratio 


ing by M we have: 
T.D. M 0.85 0.15 N.M..M 
Using the data in table 1 it may be seen that 
at the end of 1963 the ratio N.M./M ranged 
from 0.2 to 0.7 and averaged roughly 14 for 
New York and Chicago so that: 
T.D. (0.85 0.15x 14) M 
T.D. 0.9 M 
Table 2 summarizes the data collected during 
1963 concerning strontium—90 in infant diets. 
If the annual Sr—90 intakes from milk prod- 
ucts listed in table 2 are divided by the average 
annual Ca intake from milk components of the 
diet (394 g yr as calculated from table 1), then 
M is obtained. Multiplying this M by 0.9 we 
obtain estimates of the total diet Sr’ 
For average New York City, Chicago, and San 
Francisco infant diets during 1963, these esti- 


Ca ratio. 


mates are 19, 20, and 10 pe/g Ca respectively. 
If the diet-bone observed ratio for one year 
old children is 0.3 (2) then the expected Sr’ 
Ca ratio of bones of one year old children who 
died in the first quarter of 1964 in New York 
City and Chicago should be between 6 and 7 pe g 


6 +0.7 


P+() { 


milk kK: vaporated milk 
otal intake 
from milk 
Intal Concentra I Intak | VI 
t kg h 

840 15.942 6288 7128 
104 35 .0+1 179 5838 
550 10.8+1.1 590 7140 
728 82.4 8 11289 13017 
240 609] BIR] 
ISS tf 1.0 6371 7 ) 
14 1 1.4 713 6227 
Ol4 2.92+1.4 7249 8261 
723 73.4242.3 10558 13281 
310 7472 8782 
19 10.1 0.6 1384 2579 
021 38§.9+1.1 29 6350 
ROS 18.6+0.4 2548 106 
1095 6.7 l S658 175 
1044 230 1274 


Ca while bone specimens from children who lived 
in San Francisco prior to death can be expected 
to have Sr*’/Ca ratios of about 3 pe/g Ca. 

During 1964, it is expected that the ratio 
N.M. M will become equal to or exceed unity. 
The reason for this is that cereal products and 
other non-milk foods produced during periods 
of relatively heavy fallout in 1963, will then 
begin to become available in retail markets. 
However, even if the ratio N.M./M increases 
tenfold from 0.25 to 2.5 the ratio T.D./M will 
only change from 0.9 to 1.2 so that the Sr’’/Ca 
ratio of milk products will continue to be a good 
approximation of the Sr’’/Ca ratio of the total 
diet of infants. 
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Section Il—Water 


RADIOACTIVITY IN SURFACE WATERS 
OF THE UNITED STATES, JANUARY 1964 


Division of Water Supply and Pollution Control, Public Health Service 


Levels of radioactivity in surface waters of cal analyses. These data can be used for evalu 
the United States have been under surveillance ating sources of radioactivity which may affect 
by the Public Health Service Water Pollution specific domestic, commercial, and recreational 
Surveillance System since its initiation in 1957. uses of surface water. Further, the System pro- 
Beginning with the establishment of 50 sam- vides background information necessary for 
pling points, this System has expanded to 130 recognizing pollution and water quality trends 
stations as of May 1, 1964. These are operated and for determining levels of radioactivity to 
jointly with other Federal, State, and local which the population may be subjected. Data 
agencies, and industry. Samples are taken from assembled through the System are published in 
surface waters of all major U. S. river basins an annual compilation (1-7) 


for physical, chemical, biological and radiologi- 
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FicgurRE 1—TOTAL BETA ACTIVITY (pe/liter) IN SURFACE WATER, 
JANUARY 1964 
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Sampling Procedures 


The participating agencies collect one-liter 
“crab” samples each week and ship them to the 
Surveillance System Laboratory in Cincinnati 
for analysis. Gross alpha and gross beta activ- 
ity determinations on suspended and dissolved 
solids and strontium—90 determinations on total 
solids are performed as frequently as deemed 
necessary. 

Presently, gross alpha and beta determina- 
tions are made on monthly composites of the 
weekly samples received from all stations, ex- 
cept those located downstream from known 
potential sources of radioactive waste and those 
from all newly established System stations. 
Weekly alpha and beta measurements are 
scheduled routinely during the first year of 
operation at newly established stations. 

Normally, samples are counted within two 
weeks following collection or within one week 
after compositing. The decay of activity is fol- 
lowed on each sample for which the first analy- 
sis shows unusually high activity. Also, if a 
recount indicates that the original analysis was 
questionable, values based on recounting are 
recorded. All results are reported for the time 
of counting and are not extrapolated to the time 
of collection. 


Analytical Methods 


The analytical method used for determining 
gross alpha and beta radioactivity is described 
in the eleventh edition of “Standard Methods 
for the Examination of Water and Waste- 
water” (8). Suspended and dissolved solids 
are separated by passing the sample through a 
membrane filter (type HA) with a pore size of 
0.45 microns. Planchets are then prepared for 
counting the dissolved solids (in the filtrate) 
and the suspended solids (on the charred mem- 
brane filter) in an internal proportional coun- 
ter. Reference sources of U.O,., which give a 
known count rate if the instrument is in proper 
calibration, are used for daily checking of the 
counters. 

Since the fourth quarter of 1958, strontium— 
90 analyses have been made on three-month 
composites of aliquots from weekly samples. 
Beginning in November 1962, two quarterly 
samples per year have been analyzed for stron- 
tium-—90 at each sampling point except those 
stations immediately below nuclear installa- 
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tions. At these stations four determinations 
per year are performed. The method used for 
determining strontium—90 is a modification of a 
procedure described by Harley (9). The yttri- 
um-90, together with a yttrium carrier, is 
precipitated at pH 8.5; the precipitate is 
washed, redissolved, and reprecipitated as yt- 
trium oxalate and the latter is washed and 
counted in a low-background, anticoincidence, 
end-window proportional counter. 


Results 


Table 1 presents January 1964 results of 
alpha and beta analyses of U.S. surface waters. 
The stations on a river are arranged in the 
table according to their relative location on the 
river, the first station listed being closest to the 
headwaters. These data are preliminary. Rep- 
licate analyses of some samples as well as some 
analyses incomplete at the time of this report 
will be included in the System’s Annual Com- 
pilation of Data (7). The figures for gross 
alpha and gross beta radioactivity represent 
either determinations on composite samples or 
means of weekly determinations where com- 
posites were not made. The monthly means are 
reported to the nearest pc/liter. When all sam- 
ples have zero pe liter, the mean is reported as 
zero; when the calculated mean is between zero 
and 0.5 the mean is reported as <1 pc/liter. 
The most recent quarterly strontium—90 results 
appeared in the January 1964 RHD (10). 

In order to obtain a geographical perspective 
of the radioactivity in surface water, the num- 
bers alongside the various stations in figure 1 
give the January 1964 average total beta ac- 
tivity in suspended-plus-dissolved solids in raw 
water collected at that station. Results for the 
years 1957-1962 have been summarized by 
Weaver et al. (11). 


Discussion 


The monthly dissolved beta activity averages 
exceeded 100 pce/liter only on the Columbia and 
Clinch Rivers. Of the six stations on the Co- 
lumbia River, the four downstream from the 
Hanford Atomic Products Operations facility 
had averages of between 79 and 763 pc /liter. 
It can be observed that the concentration di- 
minishes with distance downstream from the 
facility. 
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The dissolved alpha activity, which is associ- 


ated with the dissolving of natural surface 
minerals by water, range in monthly averages 
to 39 pe liter. Of all stations, three on differ- 


+ 


ent rivers had monthly average dissolved alpha 
activity greater than 10 pce liter. 

While there are no generally applicable 
standards for surface water, the radioactivity 
associated with dissolved solids provides a 
rough indication of the levels which could oc- 
cur in treated water, since nearly all suspended 
matter is removed by the treatment process 
(12). The Public Health Service Drinking 
Water Standards state that in the absence of 
strontium—90 and alpha emitters,' a water sup- 
ply is acceptable when the gross beta concentra- 
tion does not exceed 1000 pe liter (12). 
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Absence is taken here to mean a negligibly small 
fraction of the specific limits of 3 pc/liter and 10 pe 
liter for unidentified alpha emitters and strontium—90, 
respectively. 

Single free copies of this publication may be ob- 
tained from: Public Inquiries Branch, Public Health 
Service, U.S. Department of Health, Education, and 
Welfare, Washington, D.C. 20201. 
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Section [1V—Other Data 


MEDICAL X-RAY UNITS IN THE CITY OF BALTIMORE: 
FINDINGS OF THE 1963 PILOT SURVEY 


Perry F. Prather, Robert E. Farber and Howard E. Chaney 


During the summer months of 1963, a survey 
was made of the X-ray units and installations 
in the offices of a selected group of physicians 
in the City of Baltimore, Maryland. Those se- 
lected were members of the Baltimore City 
Medical Society practicing in the center of the 
City. 

The Survey was conducted as a joint, coop- 
erative venture by the Maryland State Depart- 
ment of Health, the Baltimore City Health De- 
partment and the Public Health Service. 

The Commissioner of Health of the City of 
Baltimore met with the Baltimore City Medical 
Society and explained the purpose of the sur- 
vey, emphasizing that participation would be 
voluntary and that the individual findings 
would be reported to the participants. It was 
indicated that the data would be held in con- 
fidence and used only in a statistical summary 
in such a manner as to be individually unidenti- 
fiable. The approval and support of the Balti- 
more City Medical Society was given to the 
survey. 

Following these initial steps, the Commis- 
sioner of Health of the City of Baltimore pre- 
pared and distributed a letter explaining the 
survey in detail to the constituent members of 
the Medical Society. 





' Dr. Prather is Commissioner of Health, Maryland 
State Department of Health, Dr. Farber is Commis- 
sioner of Health, Baltimore City Health Department, 
and Mr. Chaney is Public Health Radiation Specialist, 
Maryland State Department of Health, 301 West 
Preston Street, Baltimore, Maryland. 
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The principal purpose of the survey was to 
estimate the degree to which existing X-ray 
units employed by this segment of the medical 
profession met minimum standards established 
by: 

1. The National Committee on Radiation 
Protection and Measurements as_ pub- 
lished in “‘Handbook 76” of the National 
Bureau of Standards (1). 

2. ‘Suggested State Regulations for Con- 
trol of Radiation” prepared by the Coun- 
cil of State Governments in cooperation 
with the United States Atomic Energy 
Commission and the Public Health 
Service (2). 

(Subsequent to this undertaking, the 
Maryland State Board of Health and Men- 
tal Hygiene adopted regulations on Sep- 
tember 27, 1963, to become effective Jan- 
uary 1, 1964, according to the above 
standards. ) 


Additional objectives of the survey were to: 


1. Obtain a basis for extending the esti- 
mate of the condition of the medical 
X-ray units in use in the City to those 
in the State. 

2. Provide field experience in survey tech- 
niques for City Health Department 
personnel. 

3. Develop a field survey form and report 
for machine owners. 


~ 
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Procedure 


Two teams, each consisting of a representa- 
tive of each participating agency mentioned 
above, were formed to conduct the field phase 
of the survey from July 1, 1963 to September 
6, 1963. 

During the period June 19, 1963 to July 1, 
1963, the survey instruments and the tech- 
niques to be utilized were demonstrated by 
members of the State Health Department. Sev- 
eral surveys were made of X-ray units and 
their installations under the jurisdiction of 
the health departments. These first surveys 
were helpful in developing two smoothly func- 
tioning survey teams. 

Starting with the core of metropolitan Balti- 
more, the teams surveyed physicians’ offices 
within progressively larger circular areas. 
Prior to visiting the physicians’ offices, Balti- 
more City Health Department personnel tele- 
phoned the offices to verify the possession of an 
X-ray unit and to arrange a mutually con- 
venient date for the survey. 

Approximately one day each week the group 
assembled to discuss the survey results, note 
the deficiencies, and prepare the reports to be 
forwarded to each X-ray machine owner par- 
ticipating in the project. 


Survey Findings 


The survey data have been summarized and 
are presented in the following series of tables 
and commentary. 

It will be noted that combination radiographic- 
fluoroscopic units have been counted as two 
units. This was felt to be justifiable inasmuch 
as additional survey procedures, unique for 
each type unit, were necessary and constituted, 
at least in part, a separate study. 

Efforts were made to visit as many units in 
as many installations (locations) as time would 
permit; hospital radiology departments were 
not included because they were felt to be in 
close agreement with existing standards (1). 
The miscellaneous group includes those types of 
practice for which an insignificant number of 
units were surveyed, making a separate nota- 
tion unwarranted. 

Any limitations of the data would stem pri- 
marily from the fact that medical X-ray ma- 
chines used in general practice were concen- 


342 





trated upon, and machines in other types of 
practice were surveyed only as they occurred 
in the course of the study. Additional bias 
might be introduced by the fact that the X-ray 
machines surveyed in the center of the City 
might be significantly different from those 
found in the rest of the City or in the State. 


TABLE | NUMBER OF X-RAY UNITS SURVEYED 

Pype of Unit Number 
Radiogray 108 
Fluoroseoy 74 
Pherape ‘ 18 
( roprac ti 2 
Potal 202 

Combination units counted in both groups 
TaBLE 2.—X-RAY UNITS—BY TYPE OF 


MEDICAL PRACTICE 


rypes of practice Total 

number 
General practice 28 
Internal medicine 32 
Orthopedic 8 17 
Radiology 1S 
Urology Y 
Miscellaneous 28 


Potal 


Radiographic X-ray Units 


Table 3 presents the deficiencies noted during 
the survey. The survey revealed that 75.9 per- 
cent of the diagnostic X-ray units were found 
to be deficient in one or more aspects. Con- 
versely, 24.1 percent were reported to have no 
deficiencies. 


TABLE 3.—DEFICIENCIES NOTED FOR 
DIAGNOSTIC RADIOGRAPHIC UNITS 


Deficiency Number Percent of 
units surveved 


None ?¢ 24.1 
Useful X-ray beam not confined to area of 

clinical interest 63 58.3 
No beam centering device 58 51.9 
otal filtration in primary X-ray beam less 

than 2.5 mm. aluminum equivalent 57 51.8 
No cones or diaphragms 28 27.9 
Additional primary shielding required 22 20.4 
No protective position, such as shield or booth 

for operator 21 19.4 
Operator dose-rate in excess of 1 roentgen per 

hour 8 7.4 
Protective aprons and gloves not available o1 

not used ; 2.8 
Operation possible outside shielded area 2 1.9 
No device to terminate exposure after pre-set 

time l 0.Y 
No audible communication between patient 

and operator l 0.9 
Faulty electrical system l 0.9 
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In 58.3 percent of the machines, the primary 
X-ray beam exceeded the area of clinical in- 
terest and extended beyond the film. These 
X-rays do not contribute to the production of a 
radiograph and result in unnecessary exposure 
of the patient. Proper cones or a variable dia- 
phragm collimator properly used would reduce 
or eliminate this unnecessary exposure. Three 
units were found equipped with variable dia- 
phragm collimators, but improper use negated 
their value. 

Insufficient filtration was found in 51.8 per- 
cent of the units checked. Aluminum filters 
placed in the primary X-ray beam reduce the 
quantity of soft, low energy X-rays in the 
beam. The low energy X-rays, not able to pene- 
trate to the film, serve only to expose the pa- 
tient and contribute nothing to the radiograph. 

In approximately 20 percent of the installa- 
tions surveyed, there was insufficient shielding 
to protect persons outside of the X-ray room 
from the primary X-ray beam. In some in- 
stances, a simple rearrangement of equipment 
would suffice; in most others, the proper use of 
cones or collimators would reduce the area 
requiring primary shielding. The lack of a con- 
trol booth, shield, protective apron, the physi- 
cal arrangement of some installations, or the 
techniques employed placed the physician (or 
technician) in a location of high exposure. Al- 


‘though the work load in most cases was low 


enough so that the maximum permissible ex- 
posure was not exceeded, the dose to which 
these persons were exposed could easily be, and 
should be, further reduced. 

Reportable deficiencies were found in 91.9 
percent of the fluoroscopic units surveyed. 

The recommendation of the National Com- 
mitte on Radiation Protection (1) is that the 
X-ray tube target should be 18 inches from the 
table top or panel and shall not be less than 12 
inches; although this recommendation has been 
in effect for two revisions of the Committee 
Report, 4.1 percent of the installations were 
found with this distance less than 12 inches. 


Fluoroscopic Units 


Table 4 presents the deficiencies noted in the 
fluoroscopic units surveyed. 

The amount of aluminum equivalent filtra- 
tion was found to be less than the recommended 
(1) 2.5 millimeters in 62.6 percent of the units 
examined. 
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TasBLe 4.—DEFICIENCIES NOTED FOR 
FLUOROSCOPIC UNITS 


Deficienes N be Ps 


None ‘ 8] 
Diaphragm system permits X-ray beam t 

exceed area of viewing screen 8 78.4 
No manually reset, cumulative timer to ind 

cate predetermined time or dose 57 77.0 
Fotal filtration in primary X-ray beam less 

than 2.5 mm. aluminum equivalent 17 62.6 
Dose rate at panel table top more than 10 

roentgens per minute 20 7 
Viewing screen can be turned out of X-ray beam lt J1.t 
Excessive transmission of X-ray beam throug! 


viewing screen 
Lead protective gloves and aprons not availabl« 

or not used ; § R 
Target-to-panel/table top distance less than 

12 inches 


In 78.4 percent of the units, the diaphragm 
system was found to be improperly adjusted. 
In these units, when the viewing screen was 
placed at 15 inches from the panel/table top, 
the diaphragm system, when fully open, would 
permit the primary X-ray beam to extend be- 
yond one or more edges of the screen. Thus, 
the fluoroscopist could be exposed to the pri- 
mary beam attenuated only by the patient. 

In nearly 40 percent of the units surveyed, 
the dose-rate measured at the panel/table top 
exceeded the 10 roentgen per minute maximum 
permissible dose rate for routine fluoroscopy 
(1). Table 5 presents the distribution of the 
dose-rates found during the survey. 


TaBLeE 5.—OUTPUT AT PANEL/TABLE TOP OI 
EFLUOROSCOPIC NITS 


The viewing screen in 17.5 percent of the 
units provided inadequate attenuation; i.e., the 
exposure dose-rate was in excess of 50 milli- 
roentgens per hour. 

To restrict the dose a patient receives, a man- 
ually reset cumulative timer is recommended as 
a necessary adjunct; 77 percent of the units 
were not so equipped. 

Dark adaptation was not practiced by 10 per- 
cent of those physicians using fluoroscopes. 
The eye is capable of discerning fainter images 
if 10 minutes or more are allowed for dark 
adaptation. This procedure makes it possible 
to reduce the radiation needed to produce an 
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acceptable image, thereby reducing the patient 


dose. 


Therapeutic Units 

Too few therapeutic units were surveyed to 
generalize the conditions which might be ex- 
pected to be encountered over a larger geo- 
graphical area. It should be noted, however, 
that although the Grenz ray' does not usually 
require additional structural shielding, the 
damage to tissue is similar to other X-ray dam- 
age but limited to the superficial layers. Eyes, 
thyroid, and testes are certainly to be considered 
superficially located; hence, would be suscepti- 
ble to damage from Grenz rays. 


Miscellaneous 

During the survey, a number of other items 
were noted and are presented without comment 
below for information. 


| Grenz rays are X-rays produced at voltages of 5 to 
20 kv. 





Summary and Comments 

The special survey of 202 Baltimore physi- 
cian-office X-ray units located in 129 installa- 
tions disclosed that more than 75 percent of the 
units were deficient in one or more items con- 
sidered to meet minimum standards. 


Reception by the majority of the participat- 
ing physicians was quite favorable; comments 
were volunteered by many relative to the need 
for such a survey. It was evident from many 
questions and remarks that while the radio- 
graph serves as a valuable diagnostic aid, the 
physical attributes and the subtle hazards are 
often not familiar to many physicians. 


Unsolicited letters and telephone calls from 
participating physicians and telephone calls 
from the X-ray service companies are indica- 
tive of efforts being expended to make the rec- 
ommended corrections. 


TABLE 6.—PERSONNEL MONITORING USED 


Use Number Type 


resent 24 Pocket dosimeter 


liscontinued 16 


Never QO Film badge 
I 
| 


Papiee 7.—TYPES OF UNITS SURVEYED, 
EXCLUSIVE OF THERAPEUTIC UNITS 


) 
Fixed-one tubs 10 


TasLe 8.—VOLTAGE INDICATOR UNITS 


Units Number 
iN olts ) 
P imary \ i 2 
\rbitrar nits 10 

TasLe 9.—-TYPE OF RADIATION WARNING 
SIGNAL 
Pype of warning signal Number 
None 61 


{ ontrol panel light 4 
Outside room 


Taste 10—TIMING DEVICES USkD 


Type Number 


None l 
Mechanical 33 
Klectrical 
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Number Exposure (mr/wk Number 


sy Less than 25 39 
l 25-100 l 
More than 100 0 
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ENVIRONMENTAL LEVELS OF RADIOACTIVITY AT 
ATOMIC ENERGY COMMISSION INSTALLATIONS 


The U.S. Atomic Energy Commission re- 
ceives from its contractors semiannual reports 
on the environmental levels of radioactivity in 
the vicinity of major Commission installations. 
The reports include data from routine monitor- 
ing programs where operations are of such 
a nature that plant perimeter surveys are 
required. 


Summaries of the environmental radioactiv- 
ity data for 23 AEC contractor installations 
have appeared periodically in RHD since No- 
vember 1960. Following are reports for Oak 
Ridge Area, Paducah Plant, and Portsmouth 
Area Gaseous Diffusion Plant. These three in- 
stallations are grouped together because each 
operates a gaseous diffusion plant; therefore 
they have similar systems of environmental 
monitoring. 


Releases of radioactive materials from these 
plants for the periods covered in the reports 
below may be compared with standards set 
forth in the Federal Register, Title 10, Part 20. 
The appropriate concentration standards are 
given in table 1. 


TaBLE 1.—CONCENTRATION STANDARDS 
PERTAINING TO ENVIRONMENTAL 
MONITORING AT OAK RIDGE AREA, 

PADUCAH PLANT, AND PORTSMOUTH 


PLANT 
Line Radionuclide or mixture of Air Water 
No unknown nuclides pe /m pe /liter 
] If aw emitters and Sr®, 1!29, Pb®!°, Ac 22’, 
Ra?*, Pas*, Putt!, Bk are not 
present b 100 
2 Cerium-144 200 10,000 
3 Cesium-137 500 20.000 
4 Cobalt-60 300 30 ,000 
y Ruthenium-103-106 200 10,000 
6 Strontium-90 10 100 
7 Thorium-protactinium-234 1000 20 ,000 
S Uranium-natural 2 20,000 
Y Zirconium-niobium-95 1000 60 000 


* The concentration standards given here were taken from the Atomic 
Energy Commission's regulation LOCFR, Part 20 (Federal Register 
November 17, 1960). 

b “‘Not present’’ implies that the concentration of the nuclide is small 
‘ompared with its appropriate MPC. According to Federal Register 
Title 10, Part 20, August 9, 1961, a group of nuclides may be considered 
not present if the ratio of each nuclide to its appropriate MPC is equal 
to or less than ‘i and if the sum of these ratios for the group in question is 
equal to or less than 
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1. Oak Ridge Area, 1963 


Union Carbide Nuclear Company 
Oak Ridge, Tennessee 


Oak Ridge Area is a complex made up of 
many installations, including K-25, X—10, and 
Y-12 areas, the Oak Ridge National Laboratory 
(ORNL), and the Oak Ridge Gaseous Diffusion 
Plant (ORGDP). 

Radioactive waste materials arising from the 
operation of atomic energy installations in Oak 
Ridge Area are collected, treated, and disposed 
of according to their physical states. Solid 
wastes are buried in a Conasauga shale forma- 
tion which has a marked ion exchange activity 
that enables it to fix radioactive materials. 
Liquid wastes which contain long-lived fission 
products are confined in storage tanks or are 
released to trenches and pits located in the 
Conasauga shale formation. Low level liquid 
wastes are discharged, after preliminary treat- 
ment, to the surface streams. Air that may be- 
come contaminated by radioactive materials is 
exhausted to the atmosphere from several tall 
stacks after treatment by means of filters, 
scrubbers, and/or precipitators. 


Air Monitoring 


Atmospheric contamination by long-lived fis- 
sion products and fallout occurring in the gen- 
eral environment of East Tennessee are moni- 
tored by two systems of monitoring stations. 
One system consists of seven stations which 
encircle the plant areas (figure 1) and provide 
data for evaluating the impact of all Oak Ridge 
operations on the immediate environment. A 
second system consists of seven stations en- 
circling the Oak Ridge Area at distances of 
from 12 to 75 miles (figure 2). This system 
provides data to aid in evaluating local condi- 
tions and to assist in determining the spread 
or dispersal of contamination should a major 
incident occur. Sampling is carried out by pass- 
ing air continuously through a filter paper. 
Average concentrations are presented in table 2. 
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FIGURE 2.—REMOTE AIR MONITORING 
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FicguRE 1—OAK RIDGE AREA ENVIRONMENTAL SAMPLING LOCATIONS 


ABLE 2 LONG-LIVED GROSS BETA 


CONCENTRATIONS | IN AIR OAK 


RIDGE AREA, 1963 


STATIONS, OAK RIDGE AREA 


Atmospheric contamination by uranium is 
determined by gross alpha measurements of 
continuous 8-hour air samples taken at five lo- 
cations on a five-mile radius from the ORGDP 
(figure 1). The data are summarized in table 3. 


Water Monitoring 


Large volume, low level liquid wastes origi- 
nating at ORNL are discharged, after some 
preliminary treatment, into the Tennessee 


River System by way of White Oak Creek and 
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TABLE 3. 
AIR! FIVE MILES FROM ORGDP 


LONG-LIVED ALPHA ACTIVITY IN 
[Average concentrations in pc /m®] 


Direction from plant First half 


Second half 


1963 1963 
orth 0.17 0.25 
ist 0.17 0.50 
yuth 0.23 
Vest 0.35 0.25 
\verage 0.22 0.40 


Interpreted as uranium (natural 


TABLE 4. 


to obtain dilution factors for calculating the 
probable concentrations of wastes in the river. 

Samples are analyzed for the long-lived beta 
emitters, for uranium, and for the transuranic 
alpha emitters. 

Analyses are made of the effluent for the 
long-lived radionuclides only, since cooling time 
and hold-up time in the waste effluent system 
is such that no short-lived radionuclides are 
present. The averages are given in tables 4 
and 5. 


CONCENTRATIONS OF MAJOR RADIONUCLIDES IN THE CLINCH RIVER 


{Average concentrations in pe/liter] 


First half 1963 


= nd st 
Radionuclide Location on Clinch River ® Location on ¢ | 
Mi. 41.5 Mi. 20.8 t Mi. 4.5 Mi. 41.5 Mi. 20.8 Mi. 4 
Upstream Outfall Downstream Upstream Outfa 
Sr? 1.0 1.4 2.1 l 
‘elas | 0.2 , 8 L.e th 
Cg3? 0.1 0 2.9 0.4 1.6 
Rules. oe 13.5 77 130 5.0 . i 
Co® ©ND 3.1 rom 0.2 l : 
Zr-Nb* Ay 0 Pe 0.5 i 0.7 
Gross beta 22 230 150 8. s } 
® The location on Clinch River is given in terms of the distance upstream from the Tennessee River. See figure 1 
b The concentrations at mi. 20.8 are not measured directly but the values ar 


by the river. 
© ND—None detected 


the Clinch River. Liquid wastes originating at 
the ORGDP and the Y-12 Plant are discharged 
to Poplar Creek and thence to the Clinch 
River. Releases are controlled so that resulting 
average concentrations in the Clinch River 
comply with the maximum permissible levels 
for populations in the neighborhood of a con- 
trolled area as recommended by the National 
Committee on Radiation Protection (NCRP). 
The concentration of radioactivity leaving 
White Oak Creek is measured, and concentra- 
tion values for the Clinch River are calculated 


on the basis of the dilution provided by the 
river. 


Water samples are taken at a number of loca- 
tions in the Clinch River, beginning at a point 
above the entry of wastes into the river and 
ending at Center’s Ferry near Kingston, Ten- 
nessee. Stream gauging operations are carried 
on continuously by the U.S. Geological Survey 
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e calculated on the basis of levels of waste rele 


TaBLE 5.—URANIUM CONCENTRATIONS IN THI 
CLINCH RIVER, OAK RIDGE AREA 


Sampling wation 


Upstream from ORGDP 24 
Downstream from 
ORGDP 


Gamma Measurements 


External gamma radiation levels are meas- 
ured monthly at a number of locations in the 
Oak Ridge Area. Measurements are taken with 
a Geiger-Mueller tube at a distance of 3 feet 
above ground, and the results are shown in 
table 6 in terms of mr/hr. 





TasLe 6.—EXTERNAL GAMMA RADIATION 
I 


S, OAK RIDGE AREA 


Location First half 1963 Second half 1964 


Previous coverage in Radiological Health Data: 
Period Issue 
December 1960 
March 1961 
July 1961 


1959 and first quarter 1960 
Second and third quarters 1960 
Fourth quarter 1960 

First and second quarters 1961 January 1962 
Third and fou~ h quarters 1961 September 1962 
1962 September 1963 


2. Paducah Plant, 1963 


Union Carbide Nuclear Company 
Paducah, Kentucky 


The Paducah Plant is a Government-owned 
gaseous diffusion plant operated by Union Car- 
bide Nuclear Company for the Atomic Energy 
Commission. The gaseous diffusion plant and 
the associated uranium hexafluoride manufac- 
turing plant and uranium metal foundry pro- 











cess large quantities of relatively pure uranium 
compounds. The major sources of radiation 
from such materials are thorium-protactinium— 
234, and other beta-emitting daughters of 
uranium—238, concentrated in the ash produced 
during the fluorination process. Since the ele- 
ment uranium can be a physiological hazard 
only if it enters the body, the chemical toxicity 
of the uranium materials processed at the 
Paducah Plant overshadows any radiation 
danger from this element. 

The environmental monitoring program con- 
sists of a continuing system for sampling air 
in four stations around the plant perimeter 
fence (not shown) and eight off-site stations; 
and for sampling water at one location in Big 
Bayou Creek, and five locations on the Ohio 
River as shown in figure 3. 


Air 


During 1963, air samples were collected con- 
tinuously at each of the four air sampling sta- 
tions at the plant perimeter fence and at four 
air sampling stations about one mile outside 
the fence. On July 1, 1963, four additional 
stations about five miles from the perimeter 
began operation. Samples are collected during 
a sampling period approximating a 168-hour 
week using a membrane filter. Uranium and 
beta activities in air for 1963 are summarized 
in table 7. 
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FIGURE 3.—WATER SAMPLING LOCATIONS, PADUCAH GASEOUS 
DIFFUSION PLANT 
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TABLE 7. 
PADUCAH PLANT ENVIRONMENT, 1963 


AIRBORNE RADIOACTIVITY IN THE 


{Average concentrations in pe/m®} 


Uranium alpha Potal beta 
Sampling location 
lst 2nd Year lst 2nd Year 
half half half halt 
lant perimeter 
0.06 0.050 | 0.05 8.2 6.4 7.2 
} 0.0 0.046 0.04 7 1.0 5.4 
< 0.0 0.029 0.03 6.8 Py } 
\ 0.04 0.027 0.0 6.8 2.8 t 
One mile outside perimeter 
N 0.02 0.029 0.0 7 2.7 4 
I 0.0 0.027 0.03 7 2 i 
~ 0.0 0.035 0.0 6.7 2.0 4 
WW 0.02 0.027 0.0 7 .F } 
SE 0.037 2 
e miles outside 
perimeter 
SW 0.042 2 
NW 0.091 2 
NE 0.077 2 
SE 0.05 2 
In preted as thorium-protactinium-234 
y 
Water 


Uranium and beta analyses of the weekly 
continuous samples from Big Bayou Creek, and 
monthly grab samples from upstream and 
downstream locations on the Ohio River are 
presented in table 8. 


TaBLe 8.—RADIOACTIVITY IN WATER, 


PADUCAH PLANT, 1963 


[Concentrations in pe/liter 
I anium ta 
Sampling location 

First Second Year First Second Year 

half half half half 
Big Bayou Creek 3. 13 54 72 600 R00 700 
Ohio River (upstream) 9 <1 <1 <1 100 600 300 

( omposite of 50, 51, 52, and 
53 (downstream <1 2 <1 100 700 100 
Interpreted as thorium-protactinium-234 


Recent coverage in Radiological Health Data: 


Period Issue 
1959 and first quarter 1960 
Second ana third quarters 1960 
Fourth quarter 1960 

First and second quarters 1961 
Third and fourth quarters 1961 
1962 


December 1960 
March 1961 
July 1961 
January 1962 
August 1962 
Septe mber 1963 


July 1964 





3. Portsmouth Area Gaseous 
Diffusion Plant, 1963 


Goodyear Atomic Corporation 
Portsmouth, Ohio 


The separation of uranium isotopes by the 
gaseous diffusion process presents control prob- 
lems similar to any chemical process using 
toxic solvents and extraction solutions. Natural 
uranium and thorium—234 are the most likely 
radionuclides to be released to the environment 
by the Portsmouth Area Diffusion 
Plant. Since natural uranium is an alpha emit- 
ter and thorium-—234 is a beta-gamma emitter, 
environmental monitoring is conducted for evi- 
dence of alpha and beta-gamma emitters to test 
the effectiveness of plant controls. 

Air samples are collected monthly at 21 sites 
located from 1 to 6 miles from the plant as 
shown in figure 4. 
collected at 


Gaseous 


Monthly water samples are 


14 stations within 5 miles of the 
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FIGURE 4.—AIR SAMPLING LOCATIONS, 
PORTSMOUTH GASEOUS DIFFUSION PLANT 


Average alpha and beta-gamma concentra- 
tions in air and water are summarized in table 
9. The external gamma levels are measured at 
the air sampling locations shown in figure 4 
and the results included in table 9. 
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TABLE 9 


Air (alpha concentration 
ta-gamma concentration | 

Water (alpha concentration pe 

Water (beta-gamma concentration ’ 


Icxternal beta-gamma 


‘ Measurements were made 


ned to average two-t rds of the one-f 


Previous coverage in Radiological Health Data: 
Period Issue 
1959 and first quarter 1960 
Second and third quarters 1960 
Fourth quarter 1960 
First and second quarters 1961 
Third and fourth quarters 1961 
1962 


November 1960 
March 1961 
August 1961 
February 1962 
September 1962 
May 1963 





ENVIRONMENTAL RADIOACTIVITY, PORTSMOUTH PLANT 


June 1963 July—December 1963 


Minimum \ ig No. of Maximum Minimum Average 
samples 
0.1 0.1 126 3.6 0.1 0.14 
0.9 10.7 126 21.4 0.1 1.8 
0.5 7.2 70 285 0.5 20.9 
} 8.4 70 720 14 37.1 
0.014 0.054 126 0.127 0.012 0.056 


Correction for October 1962 Issue 


The Atomic Energy Commission has recently 
advised Radiological Health Data of an error 
which appears in the October 1962 issue, page 


422 


22, table 12 entitled, “‘Air Monitoring Follow- 


ing the May 19, 1962 Event, NTS.” Opposite 
Currant, the value for iodine-131 should read 


5.6 pe/m 
reported. 


rather than 516 pc/m* as previously 


REPORTED NUCLEAR DETONATIONS, JUNE 1964 


Three low-yield underground nuclear tests 
at the Nevada Test Site during June 1964 were 
announced by the Atomic Energy Commission. 
These tests, conducted on June 11th, 25th and 
30th were assigned 


arbitrary Radiological 
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Health Data reference numbers 158, 159, and 
160, respectively. Tests 158 and 160 were part 
of the Plowshare Program to develop peaceful 
uses for nuclear explosives, being specifically 
related to excavation applications. 
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UNITS AND EQUIVALENTS 


Symbol | Unit Equivalent 


billion electron voit 
count per minute 
disintegration per minute 
gram 

kilogram - 

square kilometer 

kilovolt peak 

cubic meter 
milliampere 

milliam pere-second 
million electron volts 
square mile 

milliliter 

millimeter 

millirad 

millirem 

milliroentgen per hour 
millimicrocurie - - - - - - - - - 
nanocurie-. sii 


nanocurie per square meter 
picocurie - - - 


roentgen 
micromicrocurie - - ... . ---- 


| 


| 1 kg 1000 gm 


2.2 pounds 


1 m® 1000 liters 


1 mye l ne 
| 1 ne = 1000 pe 1 mye 
=10-* curies 
1 ne/m? = 1 mype/m? 1,000 
puc/m? = 1 me/km? 2.59 
me/mi? 


1 pe = 1 ppc 10-'? curies 


INTERNATIONAL NUMERICAL MULTIPLE AND 
SUBMULTIPLE PREFIXES 


Multiples 
and 
submultiples 


10" 
10° 
106 
108 
102 
10 
10-! 
10 
10—* 
10-6 
10-° 
10—!2 
10-5 


Prefixes 


tera 
giga 
mega 
kilo 
hecto 
deka 
deci 
cent 
milli 
micro 
nano 
pico 
femto 


Symbols 
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